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FOREWORD

This report is presented in two sections, each of which is
essentially an annual progress report as prepared by Minnesota
Mining and Manufacturing Company under research and development
Contract AF 33(038)-515. It covers the period 15 May 1949 to
15 May 1951 and is one of a series to be issued on the project;
other reports will be pablished as research progresses,

The Materisls Laboratory, Directorate of Research, Wright

- Alr Develomment Center initiated this resesrch project under

Research and Develomment Order Fo. 602-192, *Fuel and 01l
Resistant Polymer Research," with Mr., J, C, Mosteller ss Project
Ingineer; Major W. H, Ebelke functiomed in this capacity for the
last six months of the referenced period. Icserrei il Jevelen-
ment Order Ko, 017-11, "Synthesis and Evaluation of New Polymers,"
superseded RDC No. 602-192 during the course of the work covered
herein.
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ABSTRACT

Exploratary investigation into the preparation and properties
of fluorinated polymers is described. New polymeric compositions
cf matter neve been synthesized and screened with respect to their
potentialities as sultable clastomers for use under extreme conditions
of temperature in contect with various fuels snd oils, The esters of
unsaturated hydrocarton acids with 1,1-dihydrcperfluoroelkyl alcohols
rerresent the most promisirg class of monomers investigated so far;
cer -ir »f their poclymers heve received considerable attention tecause
of .ueir rubbery properties and exceptionsl resistance tc swelling by
non~fluorinated solvents, although their low temperzture flexibility
will probably reguire extension by plasticization. Fluorinated con-
densation-type polymers such as polyesters and polyamides do not
appear promising &s elastomers dbut may have potentialities as fibres,
filme or structural plastics. Exteasive structure versus precperty
correlatione are not attempted but it is concluded that either sidc-
chein or backbone fluorine in polymeric st:ructures promotes resistsnce
to swelling by common solvents; the former doee not appeer to affect
low temperature properties as adverszly as sketal attechment., The
rossidility of constructing a better monsmer thur a2 fluoro-elkyl
acrylate for development into a superior elastomer for specialized
Alr Force applications is still conceded fcr the field is relatively
nev and the number of known compounds scall.

PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR THE COMMANDING GENERAL:

. SORTE

Colonel), USAF
Chief, Materisls Laborastory
///, / Directorate of Ressarch
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INTRODUCTLON

As the requirements of modern lndustrial and military
usage become niore stringent, 1t has become necessary to develop
materials capable of withstanding increasingly severc extremes
of temperature and conditions of chemical attack. Since the
replacement of a major portion of the carbon-bonded hydrogen
atoins in orgailic compounds by fluorine atoms produces compounds
havling profoundly different physlical and chemical propertles
with zreestly increased stabllity to chemlcal attack, decreased
solubility in ordinary solvents, and markedly Improved thermal
etability, the Qevelopment of fluorinsted liqulids and solids

aspenrs to te one method of satisfying these requirements,

73

_r. particular, it would be extremely desirable to develop
highly fluorinated rubber-like materisls that could be used in
various ap:-lications under extreme conditions of tempefature

and exposure to solvents.

The Minnesota Mining & Manufacturing Company has been
developing an electrochemical fluorination process invented by
Professor J. I'. Simons of the Pennsylvania State College,

(J. Electrochem, Soc. 95, 47 (1949)). This pr&cess, involving
essentially the electrolysis of a solution of an appropriate
organic comnsound in anhydrous hydroren fluoride, provides a
source of many oreviously unobtainatle fluorochemicsls which

may be converted into new types of polymers,

WADC TR 52-197 Pt 1 2 Reproduced




The Minnesota Mining % lianufacturing Company therefore
entered into Contract No. AF 33(038)-515 with the Unlted States
Alr Force, represented by Wright Alr Development Center, to study
the development of highly fluorinated rubber-like polymers of

possible utility in the Alr Force program.

The chemistry of this typve of compound 1s largely unknown.
It 1s, therefore, necessary to prevare new monomers, to develop
processes of polymerization, aand to evaluate many different

types of polymers before satisfactory elastomers can be designed.

Two factors appear to be of primary importance in determlin-
ing the elastomeric properties of solids. First, any flexible
rubber~like polymer must contaln long; cialn molecules capable
of rcadlly coiling and uncoiling. This requires falrly free
rotation about some of the bonds in the chaln, Secondly, the
long chain molecules must not be so firmly bonded togsether 1n
the polymer that coiling and uncoiling is restrictcd by the
neighboring molecules. That 1s, the polyuer should not approach
the crystalline state when unstretched. For owvntimum oroperties,
stretching should induce crystallization., 4s far as ls .nown
from the physical projerties of the fluorocarbons, rotaticn
about the carbon-carbon bonds withlin the chain 1s hi hlr restricted,.
lowever, thlis can be overcorie by the insertlon of saltablc shHacirnge
roups within the tolecule. The only two cum ercislly develo-red

qi;kly flusrinaled olymers, solytetraflaorcethylilc e "nd ociviri-

flaoroc:loroct :ylene, <o sihiow pro-isii  low ten.eratire Lrexihliily,
MADC TR 52-1Q7 P¢ 1 3 Reproduced From
Best Available Copy




Therefore, there appears to be a sound basis for expecting
that suitable fluorinated monomers canr be obtained which will

lead to ﬁolymers h~ving superior low temperature properties.

There are four general types of polymers to be examlned;

1. Fluorocarbon Unsaturates = These include the mono- and

diolefinic and acetylenlc fluorocarbons. PoiLyethylene 1s not

a rubbery polymer; polyisobutylene, differiny only in the presence
of methyl side-chalns, 1s an elastomer. Although polytetrafluoro-
ethylene and polytriflusrochloroethylene do not have rubbery
properties, fluorinated slde chains may impart flexibility to

the macro-molecule., The use of polyolefinlec or acetylenic
monomers will permit retention of unsaturation ln the polymer

and should allow vulcanization of the elastomer,

2. Hydrocarbon-Fluorocarbon Unsaturates - Compounds such

8s CF3-CF2-C(CH3)=CH2, C3F7C02CH=CH2, etc., which when polymer-
1zed will lead to hydrocarbon polymeric units containing fluoro-
carbon side chains, offer the possibllity of a flexlible molecule
with substantial inertness and a low inter-chain attraction.,
Copolymers of unsaturated fluorocarbons and unsaturated hydro-
cartons mizsht also be included in thls class.,

3. Yetero-Chain Type - For the flexibility characteristlic

of rubbery polymers, relatively free rotation of at least some
of the bonds in a polymer unit seems to be necessary. The
excellent low tenrerature characteristics of the silicone lubri-
cating oils are apparently due to the oxysen atoms Interpolated

in the maln chain of the polymer. Through the inclusion of stoms

Reproduced From
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such as oxygen, sulfur, sillcon, phosphorus or nitrogen in

the chain, it should be possible to vary the stiffness of tie

polymer at low temperature.

. Condensation Tyne = In this group fall the polyesters,

polyamides, etc. Several non-fluorinated polymers of this
class have rubbery pro:.erties; the low inter-chain attraction
of the fluorocarbons makes it necessary to explore this realm

to deteriine wnhether the fluorocarbon analogues are suitable-

elastomers.

WADC TR 52-197 Pt 1 5




POLYMERIZATION STUDIES

lMost of the fluorocarbon monomers investigated in this

E
H
3
t
|
;
;
H
!
;1

orogram are new materimls. Rany of them have been prepared by
arduous procedures which have allowed the production of only
small amounts. 1In order that the polymerization work would
not have to awalt the development of more sultable methods of
production, polymerization experiments have been sdapted to a

semi-micro scale.

In general, the procedure involves the addition of about

0.250 ;. of the monomer and an anpropriate quantity of poly-
merization initiator to & short ampoule of 7 mm, glass tubing.
If co.olyuerization is veinyg studled, the second monomer is
also added. or enmulsion polymerization Lhe :edium and emul-
sifier are included. Low-bolling .ionoiwwsrs are handled iln a

vacuum systemn,

The emnoule 1s then fro-en in Dry Ice or liquid air,
evacuated, <nd sealed. The polymerizatlon is carrled out by
tumbling the arvoule In a thermostat at the desired temperature,

Experimentnl polymerizatio-ns of standrrd y<rocarbon monomers

oy

irdicate thst the resalts of this small=-scale

isfactorily corcelated wit® those obtained on

3y »roceedin; a2t this level, it has been
on extenclive Lolymoirization studles utllizing
J L

of nmaterial,

work can be sat-

a larger scale,

possible to carry

only a few . raams

.eanwhlle, othcr bcctions have been engaged in

develoglin: methiods of producin. the twonomers so that the materinls

Best Available Copy
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will be avallable on a sufflclently large scale by the time

promising conditions of polymerlzation have been developed.

Because of the lengthy names of the monomers, abbrevia-
tions have been used 1in several places, particularly in the
tables., The names of the ronomers and thelr abbreviations
are listed here for convenlence.

FEA 1,1-Dihydroperfluorcethyl acrylate

FPA 1,1-Dihydroperfluoroovropyl acrylate
FRA 1,1-Dihydroperfluorobutyl acrylate
FHBiA 1,1l-Dihydroverfluorobutyl methacrylate
VFB  Vinyl perfluorobutyrate

Perfluoroolefins

The ultlmate in resistarce to cheiilcal attack and solvent
action in rubbery polymers can be expected from the completely
fluorinated :naterials:, For this reason, an extensive éffort
has been made to polyuerize C3F6(CP2-CF-CF3) and its homologs.
Althou. h C2F]; and CpF3Cl are subject to free-radical emulsion
volymerization, C3F6 has been fouxd to be quite lnert toward

this tvre of initiaetion.

umerous exveriments hiave been carried out with varlous
veroxldes, acicds nnd bases, In most cases llittle or no reaction
was olticerved., Some tars containn; mcre or less fluorine were
produced, tut In no case was any very Lromising .olymer obtalned.,

A sumicry of these exper.nentcs is given in Table I.

Reproduced From
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TAZLE I

Polymerization Ltudies = C3Fg

Catalyst
(fercxides)

Ferizoyl neroxide

Peracetic acid
t-Butyl nhrirorerox-
ide

Diethyl diperecar-
bonate

02

Cumene hy<roer-

oxide

Cunene nycroncr-

oxide + p-toluene
sulfinic acid

Cumene hydroper-
oxlide

Na25203

Lauroyl neroxicde

(Besic Cately:ts)
$3cria

lla

WADC TR 52-197 Pt 1

Reelpe

2 §. C3Fg, 1.5%

cat.

2 g. C3Fg, 2.0%

cat,

2 S CBFé, 1.5%

cat.

2

2

3 €. C3F¢

3 ml. 50 Hpo02
2

1l

2

1

20.2 g. C3Fg
0.35 5. cat>’

25 g. C3F6, ©
Cat., 0.5 "_'o
75 5. H20

35 ¢. C3Fg, C

S e
Tt E03

35 ¢.

cat., 75 g. Hy0

0.1 Se

63,7 oo T

8.3 ¢. C3F3
g

Conditions

Remarics

Sealed glass
tuve, 65°,
16 hrs,
shaking

Same
Same

Sare

Bombh, 125°
120 psig.,
8 hrs, 1509
130 psir.,,

o

lio

No

No

o

No

=

e}

13 hrs.shaking

750 vsig.

No

128°C, , 42 hrs.

3950 vsig.

200°, 36 hrs,

Stirred 2
hra, at =-o¢°

Ko

polym.

nolyul.
nolymn,

polymn,

polym.

20lym,

poly:ni.

polym.,

volym,

polym.

Dark oll ferms

Daric oil Jer e
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TABLE I (Continued)

Catalzst
NalH2

CH3NgI

CH3EGI

(Lewis Aclds)

H3PO), +BF3

2CH30:1+BF3

H3POh-BF3

1qp0], (100..)

TiCIh

C"3\ -EF‘3+.'—’F3

(CoHg) L Sn
(Emulsicn Polym.)

K25203
KalHx»01

WADC TR 52-137 Pt 1

Recipe

100 mlo NH%’ Ool 80-
Fe (N03) 3, 0.7¢.
C3F6

2 ml. dihexyl
ether, 0.5 8.
C“grfl 3 g.

10 . CF& ol
100 ml i-n-butyl
ether, ~.8 g. GFh

1. 52 [ C3F6,
3. 30 cat.

3. h2 c. C3F6

1,95 cat.

3.30 g. C3Fp,
S, cat.

10[9 Cat.

2.59 g. C3F6»

Sl cat.

2.5 g. C3F6
0.2 Fo» cgt.’+
0.2 So WB
1.0 g. C3F6,
¢.02 g. cat,

Conditlons Remaris

stirred to- Vigorous
ce ther at reaction,
-7§° to =50° dars oll

coptai-ing
L7, F is formed

Sealed tube,
65° for
72 hrs,

No nury™.

C%gé bubhled Ko polym.
ough
original

sol, at 5C°

sealed tube No
at 60°, 20
hrs. snaking

nolym.

sealed tube .0 DOlyie
at 60°, 20

hrs. shaking

scaled tube lio
at 75°, L7

nrs, shaking

polym.

benlqd tube Lo
at 75°, 47

hrs. shaking

polyn.

sealed tube No
at 750’
hrs. shaking

polyui.

sealed tube Mo
at 75°, 47
hrs. shaking

55°%

nolym.

2ly hrs. Ko polym.

Sealed tube., ko

polym.
65°, 1l hrs.

Reproduced Fr
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TABLE I (Continued)

Catalyst
K25208, NaHSO3

K$208, NalS03

K2S208

KpSp08

¢.v. Light)

WA TR 52-197 Pt 1

Recipe Conditions Remarks
0.4 g. K25208 Bomb, 300 No polym.
0.4 g. NaHSO3 psig. 85°,
5 g. Hp0 1}, hrs,
23.8 g. C3F6 shaking
0. 7 ;. K2S208 Bormb, 00 No polym.
g 16 hrs.
h9 g. 03F6 shaking
0.1 g. K28208 Bomb, 350 No polym.
0.2 g. borax, psig., 80°,
20 g. H20 23 hrs,
10.5 g. C3F§ shaking
0.1 g. KoSp0g Bomb, 400 No polym.
0.25 g. borex psig. 100°,
2.5 g. Duponol 16 hrs,
1l g. Hp0 shaklng
11.0 g. C3Fg
3 g C3F; Sealed tube Tube
0.54 - bilacetyl in weather- exploded
oneter
1.5 g. C% Sealed tube Tube
0.35 . blacetyl in weather- exploded
orieter
RePZOduced Fro
vai,
o T T ————




It 1s not unusual to find that a material which polymer-
izes with difficulty cun be induced to enter into a copolymer.
Considerable experlmentation on C3F4 In combinatlion with standard,

readily polymerizéb;e, olefias such as styrene, acrylonitrile,

»
etc., was without signiflicant success. It was finally discovered

that C3F6 could be incorporated into copolymers with vinyl
monomers, such as vinyl chloride, vinyl acetate, or vinyl ethers,

when free radicals were used as a polymerization eatalyst,

The experiments are summarized in Table II.

»‘f“}i’s"-’*'} TGP S e Y g sy ”
IS U DAV ATV S wer e At e ey, ; -
TR D e ety &
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TABLE II
Vinvl Copolymerization of C3F6
ComEonents Condition Polymer
O., g. sgyrene Sealed tube Polystyrene
0.05 g. t-C|HQOOH 70°, 16 hrs.
0.5 g. C3F
0.5 g. Sealed tube Polyvinyl chloride
0.5 3. t-CﬁHqCOH 70°, 16 hrs.
0.5 g. C Fe
0.5 g. C5H105CCH Sealed tube No polymer
0.05 gs. % éhﬁgOOI 70°, 16 nhrs.
0.5 g. C3Fg _
0.5 g. Cg" 02CCH3 sealed tube Tacky polymer
0.05 g. t-TKQOOH 125°, 16 hrs., 132 F 175 C3Fg
1.0 g. C3Fg
1.0 g. ﬁ 0o CG* Sealed tube Clear, flexible
0.02 g. (cCT 3002)2 50°, 18 hrs. 15,5 C3Fg
1.0 go C3F6
2.0 g. C2713CoCCH3 Sealed tube Clear, flexible
0.3 ¢. (c. 3¢02) 2 50°, 18 hrs. 20,5 C3Fg
1.0 =, 3745
0.5 =z. C ;802CCH Sealed tube Clear, flexible
0.015 ¢. 1300272 50°, 13 hrs, 11% C3F6
1l g. C1Fyh
1l g. Cg'«OZCCH Sealed tube Dark, soft
0.05 5. E-C)rgdor 138°, 16 nrs.
Oos 6o CB‘:‘ v
1.0 =, C21 CaCC‘% sealed tube Darx, soft
0.05 z. t-C}=30C 133°, 16 hrs. 32,: C3F5%
52 &. C3F4
6 5. CZA%OZCCH Scaled tube Slightly brittle
0.3 . ( 23002?2 50°, 53 ars, 47~ C3F6
2 g. C3F ;
0.5 g.” C2L302CCH3 Sealed tube 26;5 C3Fp
0.25 z. (B20)2 70°, LS ars.

WADC TR 52-197 Pt 1
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TARLE II (Continued)
&

' Components Condition Polymer
0.5 g. C3F6
0.5 g. CzHgOaCCH3
1.8 ce.
0.002 g. K2S208 Sealed tube Good latex
0.002 5. laliS03 75°C. 10% C3F6
0.2 g. CgHg Sealed tube White powder
0.005 g. (CH3CO2)2 50°, 48 nrs. 18% C3Fg
1g. C3F’
1 g, 1= OCZH 50°, 16 hrs, Colorless, tacky
0.02 g. 3002 2 S7% C3F6

'ilnbdu

WADC TR 52-197 Pt 1 13




The vinyl ethers appear to be partlcularly promising.
As is the case with C3F6, these compounds “re norfally inert
toward polymerization by free radicals althouch they cs&n be
polymerlized 1: the JPe#ence of acids, such s boron triflunride,
alurinum chloride, etec. Wixtures of verfluoronrorene and vinyl
ethers colymerize readlly in the presence of free radical
initistors to form copolymers containl:g, in some cases, a
slight excess of C3F4, Indicetlnyg the poscibliliity that relatlively
highly fluorinated polymers can be obtained from this ty.e of

reaction.

Genereal .ethods have been develored for the production
of terminal olefins, such as perflusrropentene-1l, perfluoro-
butene~l, etec. The volyrerlzation of thece compounds is now

under investigation.

Perflusroalkyl-Substituted Hydr-carbon Olefins

Consi:eratle time hns been srent in an attempt to prepare
nolymers containing nerfluoronlkyl sicde chains, tvpified “y
poly-2-rerflunropronylarooylene. Some of the exrerirents are

listed in Tebrle IiI.

Reproduced From
Best Available Copy
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Catalyst

Polymerization 5t

TABLE 11l

(FPP)

Recipe

BF3

ﬁSCHa

Diethyl
diper-

carbonate

Na

KoS5x0g
NaHSO3

123208
533503

K5500g
NaBS0,

s

Naz8,08

" Cumene

Eydroper-

<xide

WADC TB ©

3-4 drops FFPP
2 wml., ether sol.
ﬁ }CH&

0.5 g. ¥PP
0.5 g. cat.

3 drops ¥PF
2 ml. NH} sol,
of Ha

.015 g. HeHSO
0.05 g. Duponol KE

0.5 g. FrP, 2.0 g. acrylo-
nitrile, 2.0 g. H20, 0.015
g. KpS-0g, 0.015 g. NaHS03
.05 g. Duponol ME

0.5 g. FPP, 2.0 g. styrene
2.0 g. Ho0, C.015 g« Kp550g
0.015 g. NaHSOB, 0.05 g.
Duponol ME

CeH 5. FPP, 1 g. HO
0.1 g. cat.

0.5 . FPP, 0.007 g. CHP

-197 Ft 1 15

uaies of 2-Per

fluorupropylpropytene

Conditions Results

BF; passed o polymer
thfough at -80°

-g0° o polymer
Sexled tube K¢ polymer
106°, 16 hrs.

<FNO° ¥o polymer
Sealed tube ¥s polymer
759, 2C brs.

Sealed tube ¥o polymer
125°, 18 hrs.

75°, 18 hrs.

Sealed tubes Polyacryloanitrils
(2) 75°, with 1% ¥
18 hrs.

Sealed tubes Polystyrene
(2) 15° with<{i% T
18 hrs.

Sealed tubes ¥o polymer

(2) 509, 16 hrs.

Sealed tubes
(2) 50°,

ib hrs.

Xo polymer




p?&\

TARBLE ITI (vonblnued)

Catalyst Recipe

InCly 0.5 g. PP, 0.001 g. InCly

Na2S208 0.5 g. FPP, 0.1 g, styrene
0.05 g. NapSs0g,
1.0 g. Hp0

Na»S,04 0.5 g. FPP, 0.1 g. acrylo-
nitrile, 0.05 g. NapSy0g

g. Hp0

Cume ne 0.5 g, FPPP

hydroper- 0.1 g. vinyl acetate

oxide

Cume ne 1.0 g. FPP

hydroper- 0,2 5. vinyl acetute

oxide 015 g. CHP

Acetyl 1.0 5. FPP

peroxide 0.25 g. cat.

t-butyl 1.0 g. FPP

hyéroper- 0,2 g. vinyl acetate

oxide 0.05 g. cat.

t-butyl 1.0 g. FPP ,

hydroner- 0.2 g. vinyl acetate

oxlide C.05 z. cut,

WADC TR %2-197 Pt i 16

Conditlions

Sealed tubes
(2) 5oe,
16 hrs.

Sealsed tubes
(2) 50°,
16 hrs,

Sealed tubes
(2) 50v,
16 hrs.

Sealed tubes
(2) 50°,
16 hrs.

Sealed tubes
(2) 123°,
16 hrs,

Sealed tube
55°, I48 nrs.

Sealed tubes
(2) 125°

Sealed tubes
(2) 125°

Results

No polymer

Polysatyvrene
with <14 P

Polyacrylonitrile
with {1% P

No polymer

No polymer

No poliymer

No polymer;
tube with vinyl
acetate alone
shows polymer

No polymer;
tubve with vinyl
acetate alone
shows polymer




As can be seen, most of these experiments were not
particularly encouraging. The last two in the table are
interesting in that they show the monomer to be re~ctive with
free radicals, since 1t is able to inhibit the polymerization
of otherwise active vinyl acetate. Work on the polymerization
of this rionomer, which has been inactive for some tiine, willl
be resumed in the llght of knowledge galned more recently in

the copolymerization of C3F4 with tihe vinyl comounds.,

Perfluoroimines

A novel class of nitrogen-containing "olefins" has been
developed. These are typified by the formula
CnF2n+1N=CF2.
Nembers of this series with n = 2, 3 and I} have been prep=sred
in sufficiently large amounts for exploratory nol merization

work.

Since these comyounds hydrolyrze rather rauidly in aqueous
basic solutiocn and at an anpreclable rate in neutral solution,

non-aqueous ccnditicsns are belng examined,

The desired product,

_F _ Gfenn
F x

corresnonds to a saturated tertlcry fluorocarbon polyamire,
Tre low .:olecular wel;it nerflluoro tertiury anlies, such s

nparent basic

a

(CoF5) 3k, are anique In that they possers no a
progserties, The conmvounds ¢o noi dissolve in aqueous acla

sosution, nor cdo they ferm salts, They uare inert towsrd oxidizing
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agents and are not affected by conditions less stringent than
those necessary to destroy the perfluorocarbons themselves,
The polymer might therefore be expected to have all of the
stabllity of a fluorocarbon. Insertlion of the nitrogen atoms
in the chain should provide increased flexibllity, so that the
low temperature provertlies deslred mry be found in this class

of polymer,

Polymerization of the imlnes has been studled using benzoyl
peroxide, t-butyl hydroperoxide, cumene hydroperoxide, boron
trifluoride-phosphoric acid, and boron trifluoride-ether as
initlators. There was no significant reaction except with the
etherate, where a jumy white solid was »>roduced. This appears

to be an imine-boron triflaoride complex.

Bulk copolymerization with acrylonitrile, styrene, vinyl
acetate, C3F6 and C3F7C(CH3)=CH2 has been tried, using benzoyl
peroxide as initiator at 75°., No reaction was observed with
the fluorinated olefins. Althou:-h polymers were obhtained in
exneriments with acrylonitrile, styrene, andé vinyl acetate,
ir e-c¢'. case annlysls showed the nresence of little or no
fluorise in the nolymer. Further work on the imires 1s contem-
vlated because thelr polymers, 1f obtainable, ou:ht to have

interesting propertlies.

Perflu.ro Acrylonitrlla

i tar

The polymers of aer}lbhltrile have nroven extrenmely

aeEIR D [

userul 1n tﬁn njurocaraon:ilelu. Experiments h:ve been started

toward t}e wreparwt‘on of polymers from CFo=CF=CK anc its

I3
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derivatives. The perfluoro compound 1s far more readlily
hydrolyzed than its hydrocarbm analog and enmulsion polymeri-
zatlon in water is difficult beceuse of the rapldity of
hydrolysis., Experiments using the st-ondard K2S20g-sulfinic
acid-Dunonol iT reci,es ,roduced a small amount of granular
precizitate with a fluorilne content of 50-60%, corresponding
to the thecorctieal value for poly-(3F3i of 53.15 fluorine.
Since the nitizl monomer layer dicunpeared, it Ls asswned
the nylrol:sis is nore ranid than Joljuerization under the

condition: used.

rovclrerization with styrene a2ud with acrylonitrile ave
similar resuits, polymers being; obtained in low yield with
5-10¢: fluorine cortent, corresponding to 10-157 nerfluoro-
acrylonitrile in the copolymer. Work is continuing with more
active initiators at low temperatures and with non-agqueous

medla,

Bulk polymerization of perfluoroscrylonitrile and covolym-
erization with styrene and with acrylonitrile, in the presence
of cumene hydroperoxide as ilnitiator, ylelded polymer oniy in
t1e case of styre:ie and then in very small amounts. The
activity of the fluorlnated nionorer tovard free radicals lis
evidenced by its abllity to impede tihc poljyuerization under
comditi ns in w.ich the hydrocarbon olefin would norually be

polynerized completely. In the case of the copolymerization

with styrene, the solld coutalned 20-30., fluorine, correspondi..

rowhly to a 1:1 copolymer,

Reproduced From
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Further experiments along these lines are planned.

Vinyl. Perfluorobutyrate (VFB)

The esters of hydrocarbon alcohols with completely
fluorinated acids are characterized by very ready hydrolysis.
Exploratory kinetic studies indicate that 1ir. aqueous solution
at a pH lower than about 6, the rate is first order with
respect to ester and irdependent of hydrogen ion concentration.
The rate of hydrolysis 1s about 10,000 times faster than that
of ethyl acetate under similar conditions. However, the
stability of polymeric esters is sstisfrctory, the higb
molecular weisht, with correspondingly low solubility, having
decreased the rate of hydrolysis to the point where poly-VFB

1= stable to boiling water for severacl nours.

Polymers of C3F7C02CH=CH2 have been obtained from bulk
polymerization with a »eroxide catalyst. ©Both water and forna-
mide have been us-d as 2 dispersion medium for ermulsion. polymeri-
zation. In no case so far has a latex been odroduced, although
with water and a persulfate-sulfinic acid initiator systenm,
polymer i: produced in coagulun form. Activated agueous
recipes using 1ron-suggr or ascorblc acid result in very low
yields of a wcak polyner, In many cases the solid chtained had
a8 relatively low fluorine value. Copolynerization with vinyl
-acetate in formumide resulted in a polymer containing only ‘

L.5% flunrine.

The difficulty of obtalining a stehle emulsion of “luorinated

monomer in agueous or nydrocarbon utype solvent may bte cvercome

-
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with long-chain fluorinated acids as emulsifiers. An experiment

in winlch sodium parfluorocaprate was tried yislded a viscoue residue
of undetermined composition. Further studies are contemplated using
iaitiotove actlvo ob low beapaeotoco, oo that tho rato of hydrolynis

will not play too large a role, and using nonagueous suspending media,

1,1 Dihydroperflucreallyl Acrylatas

The perfluoro acids can be reduced in satisfactory yield to the
1,1-dihydroperfluoro alcohols, The esters of these alcohols with
hydrocarbon acids have eesentially the same hydrolytic stability as
iz shown by the normal hydrocarbon esters, The first three members
of the series, 1,l-dihydroperfluoroethyl, proxyl and butyl alcohols,
have been converted to the acrylates which have been found to poly-

merize,

v The hydrocarbon acrylates form polymers that are essentially
rubbery in naturs. The polyacrylates of the fluorocarbon alcohols
are very similar in properties., Polymers have been produced on the
290 mg, level that merit extensive further investigation. In a
few cases larger scale preparations have already been tried. The
polymerizations in general were carried out as previously described,
Approximately 0,25 grams of monomer, 0.5 grams of water and corres-
ponding quantities of initiator, activator or emulsifier wers sealed
in 8 glass tube of about 2 cc, capacity and agitated in a water bath, |
All runs wers made in duplicate or triplicate; they are summarized in
Table IV,
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TABLE IV

Polymerization Studies of 1,l-Dihydroperfluorcalkyl Acrylates

Appearance Appearance Solubility Analysis
Monomers of Latex of Polymer of Polymer of Polymer Remarks .
FBRA Pale, Rubbery, good ilonomer layer
Translucent adheslon to sone at 2 hrs,
lass
FBA.vinyl Stable, Rubbery, but Complete conv,
acetate slieht pre- stiffer than in L0 hrs.
coagulum above,
2707 F
FBA+.acrylo- Stable Hard powder Complete conv.
nitrile in 8-10 hrs.
FBA-styrene Stable Hard powder Complete conv.,
’ in 8 nhrs.
FBA-VFB Hone i;ay be only 505 conv. in
Doly-FBA; 8 hrs.
not yet
analyzed

FBEA+isoprene Rather poor Rubbery but
latex; par- very tacky;
ticiles sen- probably of

FBA.buta~-
dlene

FBA*C2F),

FZA+C3Fg

FXA.CpF3Cl

arate on low mol. wt. Substantially .

standing conplsGe conv,
in 2l nrs.,
rel, slow

Rather poor Rubbery,
latex; better snawpy,

in avnear- Hrobably of
ance than rel, low
above rnol. wt,

Fair, of Strong and
nornmal owncc~ rubbery
ity, some

precoaguilum

llone
Almost as strong, less

traus:arent rubbery than
as wster srevious latex

WADC TR 52197 . 2

High conversion
only after 7C hrs.

rPressure even
after 20 hrs.,
corv, “1-h bhut
not coapl:te

All tubss sxolouded
after v-rying
Intervals
Conversion haigh
at 20 ars., sawe
sl'essure

s



TABLE IV (nontinued)

E ymnomers

FPA:FPP

FBA:FPP

FEA:acrylo-
nitrile

FEA

FEA-buta-
diene

FEA=-CQF],

FEA-C2F3Cl

FPA-C2F),

FPA~GpF3Cl

FPA-buta-
diene

Reproduced From
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Anpearance Appearance Solublillity Analysis
of Latex of Polymer of rolymer of Polymer Remarks
Clear liquid Sol. KIPX, L67% P; calc.Maybe slight
ohase, sliany C3F7CO0H for FPA: copolymer,
coag. 16.5% F F analyses
usually low
i Insol. KIRK, 50.5% F, Probably
sol. G3F7000i1 cale., for no copolymer

A (oo latex

Good latex

Translucent
latex, more
turbid than
FRA

Fair latex,
precoag.,

Translucent
latex, pre-
coag.

Precoag

e

fair latex

Translucent
latex,
precoacg.

Translucent
latex,
precoag.,

Coarse
dispersion

WaIc TR 52.197 Pt 1

Jard powder

Eard powder

Strong, not
rubbery

Soft, tacky,
low yield

Soft,
tacky

Sol. MIBK

Sol, LIRK,
MEK insol,
benzene

Sol, NIEK,
MBEK

Disperses
in NMIBK

Sol, WMIBK

Sol. MIBK

Sol, MEK

Swells, but
Insol, {n
wIBN

FBA: 52.3%
F

59.545 FEA  Probably

by F det. copolymer,
not proved

60 FEA by Sol'y. and

F det. analysis

35.6% acrylo. indicate

by I det. copolymer

L33 F

cale, for

FEA: 37.0% F

Ll .65 FEA

by F det.

37.6% F Very little

37.0% F copolymer

calc, for

FEA

10.5% Probably not

CeF3Cl by copolymer

Cl. det,

7h.29 FEA

by F det.

Not completed

liot completed

Hot completed Low yield,

dar:iens in
vac., oven



TABLE IV (Contlnued)

Monomers

FRA (contiol) Translucent

FBA :CpF3Cl

FBA:C3F4

FBA-CpF),

FBA-CaFaCl
25:752 3

FRBA-buta-
diene

FBA-C2F3Cl

FEMA

FRA-FRA

~ WADC TR 52-197 Pt 1

Appearanes Appsarance Solubility Analysls

of Latex of Polymer of Polymer  of Polymer Remarks

- - - Latex kept

latex, gowo for reference
precoag,
Translucent =-- Disperses 2% CpF3CL To be used to
latex, sl, in by €1l det. conflrm previous
precoag, C3F7CHOH results

Clear liquild Rubbery Sol. 61,3% F C3F6 contalned
phase, C3F7CO0H 52.3% cale. 6% CgFl
precoag, No gel for FBA which may have

Clear latex,
precoag.

Clear latex,

Porms vis-
cous gel In
C3FpCO0H,
small insol.
fraction

Disperses in

precoag. C3F7COO0H;
sol and gel
phases
Transiucent Soft but rub- Sol., Benz.
latex, bery, snappy C3F7C00H,
slimy pre- not tacky. 1-Ci-1-Ho2
coag, propane gel
present
Clear latex --= Turbid dis-
very sle persion in
precoag, C3F7CO0H
Soltn. in Brittle,
C3F7002H weak
Sol'n, in Soft,
C3FM7CO2H flexible
&

polymer

Not complete ===

Not complete ===

Infrared
indlcates
copolymer;
w F indi-
cates

53.5%

12.7%
L2.0%

CoF3Cl
uq.gz F

FRA
c1,

A good copolymer; '
promising
properties

Will be frac-
tionated and
analyzed if
possible
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Examination of the polymers obtuined from thece experi-
ments showed that most of them are true copolymers. Some,
however, can be separated into sol and gel fractions of

different compositlon by thelr solubllity in perfluorobutyric

' acid. The trifluorochloroethylene-FBA polymer was separated

into a sol fraction of negligible fluorine content and a gel
fraction which had the same snalysls as polymer_zed trilifluoro-
c¢hloroethylene, indlcating that the two monomers had

polymerized separately,

Polymers from the C2F| ~heptafluorobutylacrylate re=ction
could be separated into asol fraction which contained a negligible
smount of C2F), and a gel fraction which contained 61.5% fluorine,

Polytetrafluorcethylene has 72% fluorine, poly-FBA, 52%.

Modificatizn of llaloethylene Polymers

The two highly fluorinated commercially avallable plastics,
polytetraflucroethylene Qnd polytrifluorochloroethylene, present
many deslirable pro,erties, If their less deslirable characteris-
.tics could be nodifled by polymerization under somewhat different
conditions than have been used In the past, materlals of widsr
applicabllity might ‘be produced. Some experiments in this

direction have been initlated.

It would be desirable, for example, to prepare a stable
latex from'these olefins Instead of the usual coarse, granular
precipltate. One method wo.ild be to carry out the poirymerization

in the presence of fluorinsted materlal as dispersing agent or

WADC TR 52-197 Pt 1 %




as a8 modifier, Polymerization in the presence of l,l-dihydro-
heptafluorobutyl acetate or butyl perfluoroproprionate produced
polymer suspensions that settle but which are redispersible.
The trifluorochloroethylene polymers are soft and pasty, those
from C2F|, somewhat tougher. Because of the small scale, the
yields were quite poor and the resultin, solid was seriously
contaminated with emulsifier, The fact that the usual granular

precinitates were not obtained indicates that further work is

justified.

Attempted copolymerlzatlon of C2F) with acrylonitrile
or with styrene resulted in the formation of material which
could be separated almost completely into two polymer fractions,

Under the conditions used, little or no copolymer was formed.

Reproduced From
Best Available Copy
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THE PROPERTIES OF 1,l-DIHYDROPERFLUOHOALKYL

ACRYLATE POLYMERS

The only polymers that have yet been obtained on a
sufficient scale to merit farther examination are those of the
acrylates. Even in this case the quantlties prepared were
so small that only vreliminary examination is possible, Never-
theless, these polymers &are adequate to establish some guideposts

in the previously unexplored fleld.

In the series of homopolymers FEA, FPA and FBA, the turbidity

of the latex decreases as the fluorocarbon radical lncreases in
size; the direction expected, because of decreased refractive
index, as the number of CFp groups 1s increased. The aqueous
latices are remarkable for their transparency. The refractive
index of the particle is so close to that of water that even

those with 30% so0lid content are transparent,

The rubbery nature of the polymer increases as the fluoro-
carbon chain length increases. In the case of hydrocar~on

acrylates, the minimum brittle point is reached with the eight

carbon alcohol,

The polymers are relatively stable toward combustion.
While poly~FEA, with 37% fluorine, burns, poly-FPA with 7%
fluorine burns only when adequate precautions h:ve not teen

taken to renmove the hydrocarbon emulsifier, TPoly-FFA, with

WADC TR 52-197 Pt 1 27 Reproduced From
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52% fluorine, is self-extinguishing when removed frowm the

flanme,

The polyethyl derivative, FEA, is moderately soluble in
hydrocarbon solveutu, Tho polypropyl derivative, FPA, 1s
soluble in methyl lsobutyl ketone and in heptafluorobutyric
acid. The polybutyl derivatlve, FBA, 1s insoluble in methyl
isobutyl ketone or any other non-fluorinated organic solvents,
The copolymers, on the other hand, acquire a solubility in
hydrocarbon solvents corresponding to the amount of hydrocarbon
introdﬁced ihto the polymer. The butadiene-FPA copolymer was
inseoluble in methyl isobutyl ketone, bubt sxhlblted considerable
swelling. The copolymers of FBA and butadliene or 1lsoprene
showed negzligible swelling and no solubility in toluene or in

methyl isobutyl ketone.

The butadlene and isoprene copolymers with the heptafluoro-
butyl acrylate are particularly interesting in that they form
rubbery elastomers even with the relatively low molecular weight
so far achleved. A few exploratory experiments have been mads
in which these copolymers were compounded in essentially a tread
stock reclpve to produce material resembling the corresponding
produaci f{ror natural or GRS rubber, The resistance to solvents
1s exceptionally sood. The fact that these particular recilpes
result in a material of low tensile strength probably arises
from thé low molecular weipht of the present pslymer. Because

of the relatively high fluorine content of these alastomers,

WD TR 52-197 Pe 1 o8
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it would not be expected that the standard compounding conditions
would be optimum; tha compounding and curing of the polymers is
being studied further, for the very small scale samples thus far

peogarod buva ot hoon cdnguntn for extonaive evaluation,
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SUMMAKY

Cunditions for the copolymerization of highly fluorinated olefins
have bzen develoved, Unlike tetrafluorcethylene, completely flucrinated

olefine huve provon to ba axtramaly veluetumt e howopnlymariza,

_vinyl esters of fluorocarbon acids have been polymerized to elasto-
moric materiale; the monomers hydrolyze resdily in water, howsver, and

their satisfactory emulsion polymerization is therefore complicated.

The 1.l-d.ihydroperfluor§alkyl esters of acrylic acid are sufficiently
stable to be‘p'olymerized under conditions approaching those normally used,
Some of the polymers obtained are believed to be high molecular weight
elastomers, Copolymers incorporating butadiene and isoprens have been
prepared which, after compounding and curing according to standard tread
stock recipes, have ylelded apparently cross-linked vulcanizates comvarable
to those obtained from natural or GRS synthetic rubbers - except that the
former exhibit consider=bly increased solvent and fire resistance and
have relatively low tensile strength, Such copolymer vulcanizates of

1,1-dihydroperflucrobutyl acrylate show perticularly promising vroperties.

Preliminary expariments have lndicated that perfluoroacrylonitrile
can be both homopolymerized and covolymerized. A novel class of unsaturates,

the perfluoroimines, has also been prepared and is under investigation.
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CONCLUSIONS — — —

In order to make a start in the fleld of highly fluorinated
elastomers with desiréble low temperature properties, a sreat
deal of auxiliary work has been necessary. Facilities for the
oreparatiosn of the vasic fluorocarbons had to be expanded and.
developed. ILew personnel nad to be acquired and trained in

the specialized techniques of fluorocarbon chemistry. Syntheses

had to be devised for the monomers, many of which had not been
previously prepared. It has been possible to carry all of these
at the same time that the technijues of polymerization of these

fluorinated materials were being developed.

Several basic assumptions were necessary to justify the
Initlation of this work:

1. Thet monomers contoining a high fluorine cortent
saitable for nolymerization could be prepared,

2, That these mcnomers when prepared could be yolymerized.

3. Thet the resulting polymers would nave desirsble low

temperaturc flexibliilty.

The first two assumptions ave becn proven correct.
Several classes of nonu.ers, including completely fluorinated
olefins, mixed fluorocarbon-hyuarocarbon olefins, the vinyl ecters
of fluorocarvon aclds, the acrylate esters of lluorcecarbvon
alcohols, perlluorocacrylonitrile, and jerfluoroimines, aave been
ore .ared Lt quantlties sultable for inltiating polymerization

. work. As was anticipated, the volyuazrization of these new clacsses

-
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of material requlrod the development of new techniques of

polymerization. In sone cases, ot least, these difficulties
have been overcome and polymers have been produced. Undoubtedly
vl optlimwr eonditions have not been attained; but the value of

work in thls direction has been established,

The validlty of the third assumption remains to be proven.
The vpropertles of the acrylate polymers and copolymers prepared
up to this time are suffielently interestlng to fortify the
hope of eventual success, Copolymers which are capable of
vulcanizatlion have been obtained and vulcanized. The ma jor
effort during the coming year wlll be directed toward the
preparation of wmiore satlsfactory fluorinated polymers and :ore
extensive lnvestlgation of the structural features necessary
to foster low temperature flexibility in this class of material,
In addition, the preparation of new classes of monomers and

the extenslon of the known members of the classes already pre-

pared will be Intensified.
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Properties of Fluorochemical Intermedlntes

APPENDIX 1

Formula

C3F7CH2I
03F7000H (CO62Hg) 2
CF3 CH2 NCO
C3F7CHaNCO
C3F7c02 (CHp)), O
CF3C02CH3
C3F7C02CH3
C3F7C02CH-CH2
CHp=CHCOpCHCF 3
CHp=CHCOpCHCqF
C2H3C02 CH2 CF'3

C2H3C02CH2C2Fy

02H30020H203F7
CF3CONH2
C3F7CONH2
CF3CHa Il
C3F7CH3Nﬁ2
C3FpCH20H

C3F6

CyF7H

CoFgH

# 26°
*% k lting Point

WADC TR 52-197 P 1

hape °C,

91-91,5/740
121-126/27
55-57/748
87-90/737
1h1-143/737
L1-43

79.5 - 80.5
78-79/748
92/742
31-32/22
Q2.0
102-103
122,0

75

1053

39-40
68/743

95/ 749

-30

-16 to -18

-49

33

2
“i?

o

1.3269%
1.293

1.3492%
1.3492%

1.3375
1.3279

1,298
1.2942

aqo

1,395%
1.h83
1.216%

1.216%
1.312
1.455

1.4433
1.601




APPEIDIX I (Continuoed)

(Perfluoroimines)
CoFEN = Cr2 -13.2
C3F7H = CF2 +12.3 - 12.5
CyroN = CF2 39.0
‘ (Perfluoroacrylonitrile)
CF2 = CF-CN £16.2 = 16.7
»
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SECTION II

Contract Period 15 May 1350 to 15 May 1951
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INTROLUCTION

Elastomers make up only a very smsll fraction of the weight
of modern aireraft. Nevertheless the correct functioning of these

small rubbery parts 1s vital to the operation of the entire mass

of machine. As the requirements of modern design become increasingly

stringent, the lack of suitable clastomeric materials bégins to be
a limiting factor. Although great progress has been made 1n the
past two decades in the development of syqthetic rubbers, no matee
rial has yet been fourd/which satisfies the combired requirements
of freedom from sWelling in the‘presence of hydrocarboh fluids,

of freedom from permanent deformation uncer stross, and ability

to operate satlsfactorily at the very low temperature freguently
encountered at high altltude as well as at polar bases, In view

of the major effort that has already gone Into such studies, it

has become evident that a radically improved rubber can be obtained

only through a radically rew approach,

One such approach is the development of an elastomer based:
not upon hydrocarbons but upon fluoroéarbons. These compounds,
which_have only recently become of commercial interest, comprise
the analogues of the well=known hydrocarborn families in which
hyurogen bonded to carbon has been substituted by fluorine. This
exchange confers upon the molecule greatly increased thermal

stability and reslstance to attack by mest chenicals arc sclvents,

4
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DPespite these alterations, the carbon skeletons permit reactions,
if not ldentical with, at least ip many ecases simllar to those
familiar to the orgénie chemist. The Minnesota Mining & Manu-
facturing Company has been engaged in the development of an
electrochemical fluorination process invented by Lr, J, H. Simons
at the Pennsylvanla State College., This process, which 1is des~
cribed in the J. Electrochem, Soc. 95, 47 (1949), involves the
electrolysls of a solution of an organic compound in anhydrous
hydrogen fluoride, Through its use a great varlety of previously
unébtainable fluorochemicals can be prepared, ©Study of the reactions

of these compounds has been under way for several years at M,

Ir May of 1949 the Company and the Air &ateriel Command of
the United States Air Force entered into Contract AF 23(038)=515
to study the prejuration and properties of highly fluorinated,
rubber~like polymers of potential valus in the Alr Force program,
Puring the first year the work was primsrily exploratory in nature,
Most of the emphasis had of necessity to be on the preparation of
new types of monomers, the development of techniques of polymeria-
zation, and the obtailning of preliminary data on the nature of this
tyre of morvomer, Lurlng this period, it was possible to demonstrafe
the desirability of further study of the preparation of fluorinated
rolymers. Rubberwlike materials were prepared on a milligram scale
ard several classes of interesting polymers were given preliminary

evaluation,

Luring the second cortract year, the period covered by the
present repert, it wias possidle to pnt o greater enphusis on the
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develomont of the moro pwoemleing elastomers, in pavticulsar; tha

1, l~dihydroperfluoroalkyl acrylates, Some of the types of polymors
which at first appoared trounising were found on more exfensive

study to lack ons or more of the propsrtios necassary to meet the

astringsnt reouirements of the Air ¥orcs,

Bacouse of the noveliy of thle whole field of chemistry the
possibility of obtaining still more suitable monomers snd polymers
is very high, Several naw compounds have been developed and the study
of their polymerization characteristics imitiated. Exploratory poly-
morization studies have been valuable even when the product was vnsatise.
Tactory. So 1ittls work has boen done im this fisld that thors wors
no signposts, Even at present there are tco few dats to mpportkfim
2oneralizations, but at least there are some, A stiffening effect
of fluorine on the polymer backbons has bean observed in seversl casss,
particularly in the diene series. Fluorine on the side chain has not
produced so much of an effect, On the other hand, backbone fluorine
soams to bs mors effective in imrmroving solvent resistaice. “Until a
sufficient variety of polymer types has been orepared, this exploratory
work will hawe to be continued, It alsn appears desirable to develop
a satisfactory polymer, even though it may not be {he eventual optimum,
For this reason much emphasis has been placed on further studies of the
more promising polymers, Many interesting and putentielly important
avenuss have been pagsad over for the present and certain promising
leads have not yet been followed up, with the undorstanding that more
time will bs available for such work in the future,
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POLYMERIZATION STULIES

The conventicral pclymcrization techriques regulre the uvse c¢f
rather large amounts of moromer, Since this preprum involves preg=
arations which are frequently tedious anc¢ very exrensive in terms
of material and mnpower, as can he exzected ir the cdevelopmert ef
new materials, rarid progress hes reen possikle cnly by recducing

erploratory studies tc a very small scale, In the stucy cf & rew

monomer, guantitlies cf the order of 290 milligrams #re sealec with
a corresponcing amecunt of ceormcnomer, with the emulsicr rneciun erc
emulsifier in the case of e¢iulsion pelymerizaticrn, ard with the
promoter, in short ampoules of 7 millimeters glass tuhirg, Tle
ampoule 1is freozen, evacuated, ard sezlec, Felyrmerizaticon ic

carrie¢ cuvt by tumbling the amrcule In n thermcztal at the desirec

tenperature,

In this manrer it has heen jossihle tc make the most efficlernt
use of the facilities and marpecwer, If the prelirmirary results are
ercouraging, more effective methocés of preparirg the mcrcmer are

developed and larger scale weork initiated,

The chemlcal names of the fluorinzted morovers ere frecguentiy
lengthy and involved. It has been fourc convenlent tc use abhrevin.
tions, A table of the moromers, thelr names ané abhreviaticr wiil

be found at the end of the Experimental secticn cf thie re:cort,
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CONDENSATION POLYMERS

POLYAMIDES

The familiar polyamides are somewhat crystalline in nature
and therefore do not make particulavly satisfactory rubbers. The
effect of fluorine subsii{ution cannot be reliably predicted,
although it may be expected to reduce the irterchair attraction
of the alkyl portion, It was, therefore, felt desirable to carry

on a few preliminary experinents in this class of compounds,

Polyethylene perfluorosuccinamide has been prepared by conw
densation both in bulk and in solvent, In one experirent, 2.2 g.
of diethyl perfluorosuccirate and 0,49 g. of ethylene diamire were
dissolved in 25 cc, of dioxane cocled to 0°C, The solution was
then heated to refluxing and maintained there for € hours, The
white c;ystals that formed were filtered from the solvtion., When
heated, no melting poirt was observed but the material gradually

darkened, as a result of decompositlion, between 200=220°C,

Polyhexamethylene perfluorosuccinamide was similarly prepared.
Diethyl perfluorosuccinate, 2,5 g., and polyhexamethylene diamire,
1.2 go, Were dissolved in 25 ce, of cooled dioxane, Reaction at
room temperature was rapld to form a white irsoluble product. As
first formed, this material melted at 205-210°C, At this temperature
further polymerigzatlion took place, as evidenced by the increese in
viscosity and the liberation of ethanol. Extended heating resulted

in no evident cross-linkirg, the material remaining thermoplastic,
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The polyamlde appears to be a hard solid with a high degree of

internal strength., Fibers, which can be celd~drawn, are formed

from the melt,

A third polyamlde was preparod from ¢ g. of diethyl perfluoro-
adipate and 2.4 g, of hexamethylene diamine dissolved 1in 25 ce, of
diethyl ether, After the solution had been refluxed for 1 hour, a
white crystalline product was obtalred. Thils material mel ted and
further pelymerization proceeded at slightly above the melting poirt.
Unfortunately a final product was obtaired which was infusible,
suggesting that cross~linking had occurred, This may have been

due to the presence of impurities in the startirg material,

These results are not particularly encourzging, but the product

of,an‘oc-oc-aD-ca-tetrahydroperfluorodtamine ard a perfluoro dibasic

acid should be studied,

POLYESTERS

Several of the known high molecular weight polyesters of the
hydrocarbon serles have scmewhat rubbery procperties., Fer this
reasorn, the procduct of fluorinated glycols and dlesters have been
given a prelimlnary investigation. The ready hydrclyzebility of
the monomer esters of the fluorocarhor. aclds is well known, However,
the polyesters, such as ethylene glycol diperfluorobutyrate, glycerol
triperfluorobutyrate, and pentaerythritcl tetraperfluorobutyrzte,
when adequately purified, have been found to be onrly very slowly

hydrclyzed by prolenged refluxing with water, It seems evidert
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t 1L a pelyester of sufficlently high moleculer welght to be an

elastomer would also have adequate hydrolytlc stability.

A preliminary direct esterification of ethylene glycol by
prrfluerosueelnie acld eosultoed In o viscous Miguid which dld not
appear rubbery, although it may have applications as a hydraulic

fluid or as a plastlcizer,

An attempt to cbtaln a polymer by ester interchange with
diethyl perfluorosuccinate in ethylene glycol was unsuccessful,
Even in the presence of zinc 6xioe. as catalyst, the interchange
was prohibitively slcw and discolcration was evident., Condensatior
was carried out by mixing 2.5 g. of diethyl perflﬁorosuccinate,
0.t g. of ethylene glycol, and 0,00l¢ g. of zinc oxide, The mixture
was refluxed at 170°C, in an orygen free atmosphere for lo hours,
followeé by heatingiat 0.5 millimeters for 4 days, Only a viscous
yvellow liguid was obtained,

The condensation of perfluoroadipic acid amd 1,1,6,6-tetrahydro-
perfluorchexanediol-1,6 was accomplished by dissolving 0,29 g, of
perfluorcadipic acid and C,2¢6 g. of tetrshydreoperfluorohexanediolel,c
in 5 cc, of toluene and refluxirg untll water was no longer liherated,
The toluene was then distilled and the residue heated for 2 days at
approximately 170°C,/1 mm, pressure, A small amount of a dark,

rubbery polymer was found., This material became brittle after

several weeks at room temperature,




| | sl

The esterificatlior hecomes slow at a relatively early stage,
and considerable difficuvlty has been encountered in the preparation
of polyesters ot suttielently high moleenlar velpght, The conden.
sation of 0,2 g. of perfluorosebacic acid and 0.2 g. of ethylene
glycol at 1259C, for 22 hours, followed by 4.5 hours at 150°C,/

0.5 mm,, produced a wax~like polyester with a melting point of

about 130°C, The direct esterification of perfluoroadipic acid

with ethylene glycol and dliethylene glycol proceeded only to the
stages of a viscous liquid. An equimolar mixtlure of tetrahydro-
perflvorohexamethylene glycol, HOCHp(CF2)4CHoOH, and perfluoro-
adipyl chloride, heated under anhydrous conditions without solvent
for 96 hours at 100°C,, formed a viscous liquid which could be
converted to a waxy material by further heating for 48 hours at
120°C,/0.5 mm, None of these compounds is of sufficlently high
molecular weight to exhibit rubbery properties. The viscous ‘ligulds
aré substantially non-volatile ard insoluble in hydrocarbon solvents,
They ma& be of value as plasticlzers for some of the fluorinated

rubbers,

PERFLUORQOLEFINS

An extensive investigation of the polymerization propertiés
of the higher perfluorcolefirs irndicated that they are much more
reéistant to free radical activatién than 1s CoFy. Polymerization
was not irnitiated by acids or hases. Copolymers could be obtaired

with the vinyl ethers, vinyl esters, or +iryl chlorides, ir the
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presence of a free~radical polymerization initiator. A more

thorough study of these systems was therefore made,

Coly

The simplest of the perfluoroolefins copolymerizes with the
vinyl ethers, A mixture of 0.5% g. of CpF,, 1,0 g. of vinyl
isopropyl ether, and 0,015 g. of acetyl peroxide was allowed to
react for 20 hours at 60°C, in an ampoule. Analysis of the polymer
formed showed the presence of 27% by welght of fluorine, correse

ponding to 35% copolymerized CoFy.
CiFg

This olefin has been given the most thorough study with the
vinyl ethers, It was soon found that anomalous results were
obtained unless very special precautions were taken to purify
the olefln, The vinyl ethers are particularly sensitive to homo-
polymerization in the presence of even traces of acid, Passage
of C3F6 through agueous base followed by drying over calcium sulfate
results in a materlal) which, when sealed with vinyl isopropyl ether

in the absence of peroxide, forms no polymer after 1¢ hours at 65°C,

. 1

A series of experiments was carried out to compare the effi:
ciency of acetyl peroxide with henzoyl peroxide as the initiator.
Polymerization was carried out in small sealed tubes at 50, 70, and
859C, for W8 hours, with a mixture of 10 parts hy weight of C3F6,

1 part vinyl acetate, and 0,1 part of initiator. Polymers were
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obtained in 70-80% yield with acetyl peroxide, The fluorine content
varied from 23~30%, corresponding to 30-40% C3Fg. Higher tempera-
tures resulted in higher ylelds of polymer but the product contained
less fluorine. The use of benzoyl peroxide resulted in only 35«k5%
yields of polymer containing 30=40% of CyFge Acetyl peroxide appearsy

to be considerably more satisfactory, particulerly at lower temperaw

The effect of varying vinyl acetate:C3F6 ratios was studied,
Nith benzoyl peroxide at a temperature cf 70°C,, a 48=hour reaction
period resulted in the formation of $0% polymer from a 531 olefin:
acetate ratio, A 15:1 ratio resulted in 70% yield, In the first
case, 25% C3F6 was found in the polymer and in the second, 33%,

The use of acetyl peroxide at 50G°C, with a 10:1 C3F6=viny1 acetate
ratio resulted in a polymer containing 50% of copolymerized C3F6.

Again acetyl peroxide appeared to be superior,

In an effort to avoid homcpolymerization, the emulsion polymeri-

zation with vinyl acetate was studied, The basic recipe consisted of:

- Vinyl Acetate 1 g

§ C3F6 10 g,

| Water 20 g

i Ko820g Oul g

- To this was added 0,1, 0.2, 0,2, and O,4 g. of Duponol ME,
: Polymerization was carried out at 70°., No pronounced variation
: between the various tubes was observed, the fluorine content of
= . WADC TR 52-197 Pt 1 L5
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the polymers being 11-13%, corresponding to 15=17% CiF¢, This
wag substantlally less than had heen found in bulk polymerization.
The decrease can be accounted for by the low solubility of C3F6

in the modium and 1n the micelles of the emuwlsifier,

Attempted emulsion copolymerization with vinyl iscpropyl
ether in the presence of Duponol ME and K3S,0g=-NaHS03 was unsuccesse
ful, With K2S20g and sodium stearate, a 1atex;was not obtained but
instead a lump of polymer containing 48% fluorine, corresponding
to Sh% C3Fge The results are similar to those in bulk polymerizaw

tion and evidently no true emulsion was obtained,

Basic recipes were also studlied, 1In the presence of borax a
polymer containing 58% copolymerized C3F6 resulted, In a series
of experiments with vinyl isopropyl ether, a recipe of:

C3F¢ 0d5 2o
VIPE 0.5 ge
Ho0 1.8 ga
KoS50g 0.05 g
Borax 0.01 g.

vwas used, From 0,005 to 0,030 g, of sodium stearate was added to
the various tubes, Agitation at 65° for 64 hours resulted in 70
80% ylelds of approximately l:1 copolymers, although no latex was

formed in any case,.
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The vinyl butyl ethers are apparently less sensitive to acid
polymerization, In experiments with vinyl n-butyl ether and vinyl
isobutyl ether, polymers were obteined with 7% fluorine, corres-
pending to 48% copolymerized CiFge A 1:1 mole ratic would result
in 4% fluorine,

Attempts to find additional monomers which wonlé successfully
copolymerize with C3F6 were unsuccessful, From hulk experiments
with viryl chloride, acrylcnitrile, styrere, isoprere, and iscbhutylene,
polymers were ohtained ir each case with orly relatively srall amounts
of flucrine, Malelc¢ anhyvarlide, dibhutyl maleate, éimethyl maleate,
allyl glycidyil ether, and propylene oxide were also tried with C3Fb.
Acetyl peroxide was used as initizter, After 50-80 hours at tempera-

tures ranging from £O=70°C,, no pclymer was chtalned,

SnEg

The acld catalyzed homopolymerization of vinyl ethers has been
found to be even more pronounced with the C, olefins than with Cbe.
Preliminary experiments with CyFg=l and vinyl isopropyl ether, in
which equal welghts of the two were reacted at ©0° in the presernce
of 1% acetyl peroxide, resulted in a product which consisted of
two layers: an upper viscous liquid containing 15% fluorine (20% -
CyFg) and a lower layer of white, brittle polymer cortaining cO%
fluorine (76% copolymerized C,Fg)e A 1:1 mole ratio in this case
would correspond to only 68% CLFg. The lower layer therefcre

aprears to contain some CLWFg units joined tcgether ir the polymer,
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f However, an attempt to repeat this experiment on a larger scale

resulted in a polymer containling only 27% fluorine.

A serles of tubes were prepared containing

Per{luorobutene=1 0.5 g
VIPE 0u5 ge
Ky8,0g 0,005 go
Hy0 1.8 g,
< and either sodium stearate or Aerosol 0T to the extent of 0,02 to

0,08 go In addition some of the tubes contained 0,1 g. of borax,

The tubes were agitated for 60 hours at 75°C, In most cases no
polymer was obtalned: In a few a very small amount of p..ymer
analyzing 30=50% fluorine was formed. Similar results were obtained
when 1-CLF3g, (CF3)2C=CF2, was used in place of the perfluorobutene~l,

Both of these olefins were somewhat less reactive than C3F¢.

The more promising conditions were examined in another series

of runs.
TABLE I
Vinyl Ethers - C)Fpl
Tube Buffer
No, Monomers Catalyst & Water Emulsifier Results
1 0s5 g+ VIPE 0,005 goe 0,01 g. 0,02 g. Na  Ampoule broke
KoS550g borax stearate
0.%0% Be 2.0 ge
NaHSO3 water
2 0s5 g« VIBE 0,005 go 0.01 g¢ 0,02 g, Na Two 1lig, layers;
1.0 go CyFg~1 K>5,08 borax stearate small amt, white
. 2.0 Ee powder, 1% F
water
WAIC TR 82.i97 Pt ] ig
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TABLE I (Cont.)

Tube . Buffer
No, Monomers Cetalyst & Water Emulsifier Resujis
3 0.3 2. VME 0,005 g, 0.01 g. 0,02 g. Na Two lig. layers
1.0 5o CnFgel KnSn0g horax stenvatie small amto, white
2.0 ge powder, 1Y% F
water
L 0.5 g« VIPE 0,005 ge 0,01 g 0,02 g. Na Small amt. reddish
1.0 go CyFg=1 Ky850g borax stearate brown polymer,
2.0 g« 13F F
vater

0,01 g 30%
NH, OH

This type of recipe does not appear to be particularly effective
for emulsion polymerization of the perfluorcolefin-vinyl ether

system,

Two attempts were made to prepare olefin-ether copolymers of
low enough molecular welght to be fluild. Three grams of CLFg=l,
1 g, of isopropyl ether, and 6 g. of chloroform or carbon tetra-
chloride were allowed to react for 18 hours at 75° in the presence
of 0,05 g. of benzoyl peroxide, In both cases the residue after
removal of solvent and excess monomer was a black rubbery polymer
containing only a small percentage of fluorine, Apparently the

major reactlon was a homopolymerization of vinyl isopropyl ether,

Attempted polymerization with propylene oxide in a tube’ con=
taining 1 g. p-CyFg~1, 1 g. propylene oxide and 0,01 g. of acetyl
pero-ide at 95°C, for 48 hours was unsuccessful. A mixture cone
taining 1 g. of CLFR~1, 1 g. of vinyl isopropyl ether, and 0.07 g
of acetyl peroxide in 2 g. of methyl perfluorobutyrate produced only
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a tacky polymer of very low fluorine content, after 18 hours

heating at 55°.

EoFyg=1

Attempts have been msde to prepare poiymers from the ninee
carbon terminally unsaturated olefin, C9F18q1. Three small scale
sealed tubes were used with 0,02 g. of acetyl peroxide as the
initiator, In one tube, 1 g. of C9F18-1 was sealed; in the second,
0.5 g. of CgFyg-1 and 0,05 g. of vinyl acetate; in the third, 0,5 g,
of CgFyg=1 and 0.05 g, of vinyl isopropyl ether,

The results wore similar to those observed for the lower members
of the series. No homopolymerization was observed. The vinyl acetate
copolymer, with a fluorine content of only 20% (26% olefin), was a
tough, white material. The vinyl isopropyl ether copolymer contained
26% fluorine, corresponding to 34 weight % of olefin, It is obvious
that considerable homopolymerization of the vinyl ether occurs since
the 1:1 copolymer would contain 66% fluorine, Efforts are cone
tinuing to prepare the 13l copolymer, which would contain 87%
perfluoroolefin by welght and would be indicative of the ultimate

results to be obtalned from this class,
or in

A polymer from the perfluorocolefin just described would contain
fluorine both on the side-cheins and on the backbone, Another type

of polymer, one containing a hydrocarbon backbone with fluorocarbon
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side~chalins, would be obtained from the perfluorcalkyl olefins
2-perfluoropropylpropene, 2eperfluorobutylipropene, and 2-perfluoro-
This polymer might be characterized by the superior

amylpropene,
flexibility of the hydrocarbon hackhone and st111 maintain the

solvent reslstance of the perfluoroalkyl groups,
Perfluoropropylpropene did not yield a homopolymer in the
presence of elither peroxide or boron trifluoride, nor was polymeri=

zation observed with vinyl isopropyl ether and acetyl peroxide,
When a mixture of 1 g. of the olefin, 1 g. of vinyl acetate, and

0,02 g, of acetyl peroxide was heated for 60 hours at 60° in the

small tube set up, a 73% yield of a polymer containing 26.4¥ fluorine
A 1:1 mole ratio

(57.3% perfluoropropylpropene) was obtained,

copolymer would contain 45% fluorine,

The perfluorobutyl and perfluorocamyl homologues also falled
Copolymerization

to polymerize in the presence of acetyl peroxilde,
with vinyl acetate under conditions similar to those successful with

th2 perfluoropropylpropene were unsuccessful in both cases,
Although polymerizaticn of the perfluoroalkyl olefins cannot

be given high priority, it is hoped to resume work on this type of

compound at a later date,
k

Fluorinated Acrylonitriles

Perfluoroacrylonitrile, CF2=CFCN, hydrolyzes quite rapidly in

water solution and hyarolysis has been the predominant reaction under
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the conditions of emulslon polymerirzation so fur studied., Most of

the exploratory experiments have therefore been in bulk,

Homopolymerization in the presence of boron trifluoride or
acotyl porevide has heen ossontlally wnoueeesafvl, Under moderate
conditions very small quantltles of a very low molecular weight
material was produced, Under more stringent conditions the polymeri.
zation tube exploded. HMethyl magnesium lodide in ether can be used
as an ionic polymerization initiator with acrylonitrile, An experie
ment with Grignard reagent as initiator for the polymerization of
perfluorcacrylonitrile resulted in the formation of fluorinewcontain-
ing, methancle=socluble, highly colored material, The product appeared
to be a-result of thé addition of the Grignard reagent rather than
rolymerization,

Several bulk copolymer systems were investigated. The experi-
ments involved equal welghts of the two substances in the presence

of appreximately 1% acetyl peroxide. The tubes were maintaired at

- 80°C, for 2 weeks, The reactions with vinyl isoputyl ether, perfluoro-

butyl acrylate, CqFg, and }-C4Fg ylelded either no polymer or one
which wzs essentially fluorine free, With isobutylene a resinous
polyker centaining 30% fluorine was obtained, Vinyl chloride ylelded

a8 polyvmer ccntaining 15% fluorire and 36% chlorine,

Copolymerization with vinyl acetate was more successful, The
rezcticn wzs carried out in a small tube with acetyl peroxide as

catalyst at €¢°, In a series of experime .= the weight ratio of
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altrile to vinyl acetate was varled from 131 teo 12:1. Over this

rangs, the fluorine content of the polymer varled from 204 in the
1:1 ratlo to 28% in the 12:1 ratio, The latter represents nearly
a 131 mole ratio, No rubber-like properties were ohaserved in the

polymers,

The copolymerizatlion reactivity of perfluorocacrylonitrile is
similar to that of the perfluoroolefins, All of the materials
that have formed copolymers lie in the "low Q", non-conjugated
region of the Price-Alfrey diagram, Further study of this region
may be profitable,

A related nitrile, oc=~perfluoropropyl acrylonitrile, C3F7C(CN)=
CHp, showed somewhat higher reactivity. Homopolymerization was not

observed in a standard recipe of:

o =FPAN 0.125 g
Copolymer 0.125 g
Water OS5 ga

Luponol ME 0.0075 ga
Na,S,0g MO.0025 ge
Borax 0,002% g,

With styrene a copolymer containing 21.1% fluorine (52,5% cs~FPAN)
was obtained, With acrylonitrile a polymer containing 12,2% fluorine
{22,3% oc~-FPAN) was fourd, In neither cvase was there evident
hydrolysis of the nitrile. Neither ccpolymer shows elastomeric

properties,
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Much more encouraging results were obtalned with hutadlene as
a comonomer in the above recipe. The moaterials were sealed in tubes
containing respectively 0, 0,00075, 0,0007%, and 0,00150 g, of
terilary dodecyl mercaptan, Polymerlzatlion was carriled out for

48 hours at 55°C,

The polymer prepared in the absence of mercaptan was oulte
rubbery. It cortained 61% by weight of the nitrile. Examination
showed an ASTM brittle point of ~M0 to ~50°C, and a swelling volume
of 600% in 70:30 isooctane:toluene solvent, The polymers prepared
in the presence of mercaptan appeared to be over-modified. They
contained 57% nitrile by weight, showed é brittle point of ~40 to

~50°C, and 200% swelling in isooctane:toluene,

FLUORINATED_L IENES

Although elastomeric polymers have been, in a few cases,
prepared¢ without the use of conjugated diene monomers, most of
the presently known rubbers ccrntain a butadiene derivative as one’
component, Several members of this class have been studied in

homo= and copolymer systems,

Perfluorobutadiepe

This morcmer has beer obtalned, with the c¢ooperation of the
Air Force, from two ou\;ide sources: FPurcue Résearch Fourvation
whiech is aiso ergaged in a contract Qith the Alr PForce, and the
M. W. Kellogg Company, which is engaged in work leading to fluori.-

nated polymers under the sponscershlip of the yuarterazaster Corps.

WA TR ®2-197 Ft 1 L




T

W—_—-—_—;

Reproduced From
Best Available Copy

Homeopolymerizatior wss studiec in three reclpes,

TABLE 1I
Homcpclyﬁerizatign cf Perfluorcbutadiene
A____ B ___ ___C
FB 100 100 100
Wgrer 180 15C 180
Iuponol ME l.¢ - 6L
Na Perfluorocarprate 3,2 742 -
Nay 5,00 Cuf6 2.C -
K25508 - -
Borax 0.5 1.0 -
Time t c¢ays 6 days L ciye, £GO
Temperature 5Ce foo \V3 deys, vLO°

From recires A ard B, srall ylelds cof hsrd, resincus pelymers
were cr*airecd, which contzired €25 cf the thecretical fluorine certent
of poly~FBR in the case of the polymer frecm A, zrc €% ir the case cf
the‘polymer frerm B, Some polymer formec in C, but these tutes

exploded prematurely,

Copolymers with styrene and acrylonitrile were prerared in the

following recipe:

; Perfluvorcbutadiene 0,750 g.

% Comoricmer " 0428 £,

% Water 0.k g,

% Lupencl ME 00075 g

L NaS208 Co0C25 g4
Rerax Ta028 g,
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Latlces were ohtained from both styrene and acrylonitrile,
In the former case the copolymer contained 16,8% perfluorobutadiene
and with the acrylonitrile only 2,3%., Neither polymer was partie

cularly promising. Further work 1s in progress with other comonomers,

2=Chloroperfluorobutadiene

This perhalobutadiene was obtalned from the Purdue Research
Foundation, It appears to be capable of both homo~ and copolymeri.-
zation. Bulk polymerization in a sealed tube in the presence of 1%
acetyl peroxide proceeded slowly. After two weeks at 80°, a brown,
tacky polymer had been formed in poor yield., Emulsion polymerization
using a standard Duponcl ME-KéSzog recipe was allowed to proceed for
24 hours at 55° and then was heated for 48 hours at 100°., A
rubbery polymer was ocbtained in poor yleld, Anralysis showed the
presence of 17% chlorine, rather close to the theoretical 19%,

Copolymers with butadiene and 1,l=dihydroperfluorohutyl

scrylate are described subsequently,

l=Perflucoropropylbutadiene

Substitution of a terminal hycrogen by a perfluororropyl group
does not seem to seriously decrease the polymerizatior reactivity, 1In

a reclpe censisting of

FPR 0.25 ge

Water QL5 g

Cupcrcl ME 0.0075 g.

K»S-08 0.0025 g.

Beray C,NO2E g
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a good latex was tormed afier § days agltation at 50°C, The
polymer, after ccagulation, was light cclored and strong, but

showed only limlited rubbery character, undoubtedly due to excessive
cresselinking, The 58,4% fluorine content markedly affeccted solvent
properties, Swelllng was very slight in benzene and somewhat greater
in methyl 1sobutyl ketone, dilperfluorobutyl ether, and triperfluorce
butylamine, Perfluorobutyric acid softened and swelled the polymer,

while methyl perfluorobutyrate resulted in a cloudy dispersion,

The experiment was repeated with the persulfate reduced to
Cs05 parts per 100 parts of moncmer and with R concentrations of
tertiary dodecyl merceptan varylng from 0,12 to 0,60 parts per
100 parts of moncmer. All of the polymers were leathery ané¢ showed
marked permanent set, The brittle temperature varied from -10, in

the absence of mercaptan, to O to +10 in the presence of the modifier.

Copolymerization with butadiene was stucdied in the case of

several of these fluorinated dienes in modifications of the basic

o

emulsion recipe:

Fluorinated Diene 0.125 g.

Butadiene 0125 go
Water O.45 g.
Cuponol ME . 0.,0075 g,
NapS,0g © 0,0025 g,
Borax 00,0025 g,

‘The reaction was carried out in the small sealed tubes for 48 hcurs

at 55, Small amounts of tertiary dedecyl mercaptan were added to
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gseveral of the reactions. In no case was any great change from the
unmodified polymer observed, The table below shows a few of the

properties of the uncured polymers,

TABLE II1
Butadieng~-Fluorinated Butadlene Copolymers
€ Comonomer Brittle Stiffening % Swelling in 70:30
Comonomer by Wt, Point Point Isopctane:Toluene
1-FPB 57 =55 =45 2000
CFB 56 =30 to =35 =25 to =20 300
CFB . 56 -30 to =35 -25 to =30 230
FB 40,45 Not sufficient sample -~ 300
FB 41,8 Not sufficient sample -~ 300

FB 33,8 Not sufficient sample ~ 300

A comparison of the effect of fluorine on the side-chaln and
fluorine on the backbone of the polymer may be obtained from the
fluoropropylbutadiene and chloroperfluorobutadiene copolymers,
although it must be recognized that the structural characteristics
are not identical, With perfluoropropylbutadiene, the copolymer
contained 2L4,2% fluorine located on the sideechain, 2000% swelling
was observed in the isooctane:toluene mixture, In the case of chloro-
perfluorobutad;ene, with 29,8% fluorine located on the backbone,
the swelling was only 300%., Comparison of the brittle temperatures
favors the side-chain location somewhat. In both instances the
propertles are considerably less desi;able than @hose obtained with

1,1-dihydroperfluoroalkyl polymers of eomparable fluorine content,
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The copolymer of FPB with butadiene 1s firm, rubbery, and very
tough. Its mechaniaeal properties as jJudged from the uncured sample
are appreciably better than those of any rubbery polymers so far
prepaved in thils propgeam, Whille itos gwelllig volume is too high to
satisfy the present rigorous requirements without serious modifie

cation, it may be of value in some applications,

The chloroperfluorcbutadiene and the perfluorchbutadiene copoly=
mers were somewhat weak, although elastic. An effort is being made
to prepare the butadiene copolymers with the highest possible pro-
portion of the fluorinated diene,

UNSATURATED PERFLUOROALKYL, ESTERS
Bls=]l,leDihydroperfluoreobutyl Fumarate

Preliminary studies have been made of the polymerization
tendencles of the new ester, C3FpCHp0oCCH=CHC02CHpC3F7. No polymer
was obﬁéined from an attempted bulk polymerization of FBF in the
presence of 2% acetyl peroxide at 75°C, A sodium stearate-K5S5,08
emulsion recipe falled to produce polymer, However, from an experilw

ment in which

FBF 0e5 ge

VIPE O0e5 ge

Hy0 2,0 g»

C17H35002Na 0,03 g.

K2s203 0,05 g
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were sealed in a small glass tube at ¥5° fovr 24 hours, 0.5 g. of
a elear, colorless polymer containing 46% fluorine was found. This

spproximates the fluorine contant expected for a 1:l1 copolymer,

The reactivity of the fluorinated fumaratie appears to be
similar to that of the hydrocarbon ester, in that it shows little

tendency to homopolymerize but does enter into copolymers,

Several attempts were made to copolymerize FBF with CyFg-1
in bulk and emulsion recipes. No polymer was obtained, The none
fluorinated di-nebutyl fumarate similarly did not copolymerize with
CyFg=l, The reactivity of the fluorinated fumarate with other

monomers will be studiled,
=Lih ; tyl Sorbat

This is one of the monomers studied in an effort to prepare
polymers with a hydrocarbon backbone and a fluorinated side-chain,
It was found to homopolymerize and copolymerize readily‘in the
stanﬁard Duponol ME-persulfate reclpe, a good latex being formed
in 4 days at 50°C, Copolymers with styrene and acrylonitrile were

also prepared,

The homopolymer, which contained 41.7f fluorine, 92.3% of the
theoretical, was a soft elastic material of relatively low molecular
veight, The copolymer with styrene, containing 57.5 weight ¥ FBS,
and with acryloni%rile. containing 64.5 welght £ FBS, both showed
limited rubbery characteristics., Severe cross-linking did not appesr
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to have taken place despite the absence of modifier and the extended

reaction period.

The homopolymer was prepared on a somewhat larger scale in a

reclpe conslsting of:

FBS 1.00 g.
Water 1.80 g.
Duponel ME 0,02 g.
Na,S50g 0.003 g,
Borax 0,001 g.

Probably as the result of the lower persulfate concentration, the
polymer was firmer and had good rubbery propérties. Solvent resiste
ance was promising., The brittle temperature of the uncured polymer

was unexpectedly high, appearing to be above 0°C,

lal=Libydrcperfluorobutyl Crotonate

The reactivity of this unsaturated ester, CH3CH=CHCOZCH2C3F7,
appearé to be quite low. No homopolymer was obtained with the

standard recipe after 1 week at 50°C, Under these same conditions

copolymers were obtained with styrene and acrylonitrile, latices "

being formed in both cases, Analysis indicated the presence of L%
FBC in the acrylonitrile copolymer and 14¥ FBC with the styrene,
Butadiene copolymeré were prépared in the presence of tertiary
dodecyl mercaptan varying from O to 0,230 parts of mercaptan per
100 parts of moromer, While an increasing quantity of nercaptan -
softened the polymer in the expected manner, nc morefthan 12% FBC

was incorporated ever at the highest mercaptan concentrations.
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Vinyl Perfluorcacyl Esters

Preliminary studles during the first perlod indlested the
possibllities of the vinyl perfluorocacyl esters. Although the
nedcniers hydrolyse very rapldly in water, the polymers were suffi.
clently insoluble to be classed as water stable, no sign of hydrolysis
being observed in bolling water after several hours, A serles of
microscale experiments was carried out to determine the copolymeri-
zation characteristics of vinyl perflucrobutyrate, Experiments
described in Table IV were obtained from standard sealed tube experie
ments with 18 hours agitation at 55°C. The catalyst consisted of
1% of acetyl peroxide, |

+ P

TABLE_IV
Bulk Copolvmers of Vinyl Perfluorobutyrate
i Results
Monomers % Yield $F % VFB Nature of Product
1.0 g. VFB 45,0 7.2 13.0 Light yellow powder
1,0 go Acrylonitrile ‘ : ‘
1,0 g VFB 6740 26,8 46,6 Clear, tough, hard
1.0 g¢ Vinyl Acetate .
1.0 g« VFB 20,0 1.6 2,9 Clear, hard
1.0 g Styrene
1.0 g« VFB 65.0 24,9 45,0 White, opague, hard
1.0 g Methyl Methacrylate
1.0 g. VFB €00 28,2 52,8 Clear, colorless,
1.0 g« Vinyl Acetate brittle
2.0 go Me Perfluorobutyrate
o (solvent) |
2+75 ge VFB 25,8 14,5 26,2 Creamwcolored powder

0.5 g+ Acrylonitrile

g
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TABLE IV (Cont,)

Results
Monomers % Yield £ F X% VFB Nature of Product
1.} go VFB 67.9 35.1 62,5 Clear, colorless,
0ehH ge Vinyl Acetate flexible
1,65 go VFB 27,2 20,8 55,6  Opaque, yellow,
0s5 g« Styrene flexible
1,20 g, VFB 100.0 ~0e0 5h%e3  Opaque, white, hard

0.5 g. Methyl Methacryliate

Vinyl perfluorovalerate and vinyl perfluorocaprcate were also

polymerized in solution, The tubes, contalning 3 g. of the vinyl

esters, 6 g. of methyl perfluorobutyrate, and 0.02 g. of acetyl

peroxide, were shaken at 55°C, for 20 hours. Clear, extremely

viscous solutions were obtalned from which colorless, flexible

films could be cast,

The valerate and caproate weré also subjected to polymeriza=

tion in aqueous medium. An emulsion recipe consisting of:

Vinyl Ester
‘ater
K2S208
Duponol ME

0s25 g
O.1< g.
00025 ga
0,0075 go

was used with agitation for 48 hours at 45°C. In neither was a

latex formed, although a precoagulum containing more than S0%

fluorine was recovered, Under the conditions of the experinents,

the ester was hydrolyzed before it could polymerize,

Suspension polymerization was attenpted in a reciye censisting

of:

WADC TR 52-197 Pt 1

b | P




Monomer 0.20 g,
Water 200 ge
Bentonlite 0,02 ge
Diisopropylbenzene
hydroperoxids 0,01 ge

Mixtures were agitated at 80°C, for 24 hours, With the valerate,
a solid of less than 5% fluorive was obtained., In thé case of the
caproate, a low yield of pclymer containing 25% fluorine was

racovered,

Very considerable improvement in techniques 1s necessary before
systems involving water can be used with these readily hydrolyzed
monomers, It may be desirable to further develop polymerization

in non-agueous media,

Since the most successful results were obtained in solutionm
polymerization, a number of experiments were tried in which a variety
of vinyl esters were evaluated, Benzotrifluoride and methyl perfluoroe-
butyrate were indicated by preliminary experiments to be the most

propising solvents, The results are summerized in Table V,

JABLE Y
Solution Polvmerlzatlop of Vipyl Perfluoroacyl Esters
Reactlon
Mopomer Solvent Catalyst IJemp. Iime, Hrs. . _____ Commept
1,0 8« 3.0 8« 0.0L g 45 18 Polymer is white powder; melts
VFA MFB Aco 0o to clear, tough film; yleld
b5s
1.0 ge 3.0 2« 0.0) go 45 18 Light tan, brittle, clear
VFpP MFB Acy02 solidi yield 58%
60 W4 Solution gelled
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JABLE Y
Reaction
Mopomer Solvent Catalyst Temp. Time, Hrs, ~Ltopment
1.0 E; 3.0 g« 0,01 g 45 18 Light tan, brittle, clear
VEY MFR Aenp solid; yleld 62%;
‘ 60 Ly Solution gelled
1,0 ge 340 g« 0,01 g 45 18 Light tan, brittle, clear
VFC6 MFB A0202 ‘ solid:
60 RN solution gelled. Yield 60%
o 2.0 g 6,0 g« 0.01 ge 55 36 White, granular solid, 78%
N VFB BTF Aco0s vield
y 1.0 go G0 Ee Oel 2. 50 2 White, granular, brittle;
: VFB MFB Acy0, ¥ melts to clear film; 62% yleld
2.0 g« 6,0 8. 0.0l g, 50 oly Similar to 6, 7, 65% yleld
E VFB B1F ACan
) 1.0 ge 1.0 g 0,02 g, 55 ol Low yield of white, brittle
VEB BTF Bz202 solid which melts to clear
. film
: 2.0 g. 5¢0 8o 0402 go 55 2L Low yield of slightly dise
: VFB MFB Bzp0p colored, brittle solid
i 0.5 go 30 ge 0.01 g 50 18 Clear, colorless, brittle
‘ ¥ VFB MFB Acp0o ; solid, falr yield
3 OIS g.
s VFA
f 20 g. 80 g 0e2 g 50 30 10% yield of clear, very light
VFB BTF Acp02 - tan solid
§ 1.0 g. 1.0 g« 0.02 go 50 24 White powder which melts tc a
* VFA BTF Acp0op clear, tough film
| } 1.0 g. 1.0 go 0.02 g, 50 2 Poor yleld of clear, colorless
| - VFCg BTF Acy0p brittle solid
| L 1.0 g None 0,01 g. Ly .16 Clear, hrown semi-liquid
b - VFCy0 | Acp0o ~
1 . !
1,0 g None 0,01 g 45a 16 Clear, tan, waxy solid
VFCy0 Acy0p 59 “ 3
1,0 ge 1.0 g 0,01 g, 45 16 Clear, white powder
VFC10 MFB Acy0y 15 3
WADC TR 52-197 Pt 1 65




A cyclic ester, vinyl perfluorocyclohexyl carhoxylate, was
also studied, A homopolymer was prepared from a bulk mixture of
1l g. of ester and 0,1 g. of acetyl peroxide, sealed in a tube for
16 hours at 50°C, Solﬁtion polymerization was studied in a sealed
tuhe experiment in which 1 g. of ester, 3 g. of methyl perfluoro-
hutyrate, and 0.02 g. of acetyl pernxide were agitated for 16 hours
at 50°C, The polymer in both cases was similar, being a hard,

clear solid softening ahove 100°.

These polymers are extremely Iinsoluble in most materilals,
Benzotrifluoride is an adequate solvent for polymerization but
the purified, dried polymer cannot be redissolved in it, Methyl
perfluorohutyrate dilssolves the polyvirnyl esters of the higher
perfluoro acids but will not redissolve the trifluoroacetate,
Aliphatic or aromatic hy.iroccrbvors, non-fluorinated csters, ethers,

etc, are not solvents,

Allyl Perfluorobutyrate

An att:mpt was made to decrease the brittle point of the poly-
vinyl esters by interposirg a methylene group between the carboxyl
radical and the chain, Allyl perfluorobutyrate, C3FnCOpCHpCH=CHp,
was found to polymerize and copolymerize, in some cases in evcellent
yield, Rubdbery polymers have not yet been obtaired; in scme cases
the materials are relatively soft or even viscous liquids, This
compound may be of interest from the point of view of topolymers
with the acrylate esters or in the preparation of polymeric plasti-
cizers.
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The results of the initial studies are summarized in

Table VI,
] TABLE VI
Allyl Perfluorobutyrate Polymerization
Emulsion Reci
Monomer 0,25 ge
Water 045 g,
Luponol ME 0.0075 g.
K,S,0g 0,0025 g
(Samples agitated for 5 days at 50°C,)
Polymer
Comonomer ZF ZAFB Comment
None No polymer
Styrene, 0,125 g, 1.k 2.7 Hard, resinous
Acryloritrile, 0,125 g. 1.0 1.9 Hard, resinous
Bulk Recipe
1% Acy0, as catalyst
0.5 g. total monomers
(Samples agitated for S days at 50°C,)
Bolymer
Comonomer LF X AFB Comment
VIBE, 0,125 g. 7,0 71,0 Theor, for l:1, 37.6% F
olly liquid
VIBE, 0,125 g. v No polymer
Styrene, 0.25 g. 8.2 15,7 Hard, resinous
Vinyl acetate, 0.2% g. 28.1 £6.0 2 moles vinyl acetate
per 1 VFB in polymer
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TABLE VI (Cont,)

Comonomer 4F % AFB Comment
Allyl acetate, 0,25 g. No polymer
Maleic anhydride,

0e2YH ge 31.6 Viscous 1iquid
None 47,8  (theory, Viscous liquid
9243
Allyl ucetate (control) Viscous liquid
0.5 g
roa Acrylat

By far the greatest progress toward a low temperature solvent=

reslstant rubber has been made with the class of compounds obtained

from the esterification of aerylic acid with the 1,l-dihydroperfluoro

alcohols, such as CF3CFoCFaCHpO0H, These alcohols are derived from

. the perfluoro acids by reduction of the methyl esters, The monomers

polymerize rapldly in an essentially standard emulsion recipe. In
most cases, an induction period of variable length, due to traces
of oxygen, ls experienced, bnce polymerization is started, it
proceeds rapidly and exothermally even at an initial temperature

of 30°, It is therefore difficult to maintailn a constant tempera-
ture., The presently used recipe 1s illustrated by Table VII, Five
separate reactions were carried out under what were intended to be

identicai conditions,

(See table on following page)
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TABLE VIl

Polymerization of FRA

(FBA:100; Water:180; Luponol ME:2)

Induction
K»S20g Period, Temperature # Conversion
parts Min, Iritial Max, at_245 hours
0.0 Qo 52 67 97.1
0.40 120 L5 63 973
0435 170 L6 62 96.5
0.35 145 bo 6L 98.3
0,35 130 46 63 95.1

The combined latices were coagulated by freezing and the polymer
was washed and dried, The white, tough, somewhat tacky polymer had
an intrinsic viscosity, as measured in methyl perfluorobutyrate
solution, of 2,95, The yleld was 478 g., 96%. A L0 g. sample of
this material was submitted to Wright Field for evaluation (PO 156,
Lot 1).

The polymerization is retarded by the presence of mercaptan§,
With the standard recipe, 90¥% conversion is reached in 15 to J
20 minutes; the presence of 0,025 parts of tertlary hexadecyl
mercaptan per 100 parts of monomer necessitates 60 minutes for 90%
conversion. The final ylelds in both cases were essentially quanti=-
tative, The additlion of the mercapten also cauges the expected

decrease in chain length, ‘Where unmodified material has a viscosity

above 2.35, the material prepared in the presence of the t-Cqg
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mercaptan has an intrinsic viscosity of only 1,45, These results

are very similar to those found for the unfluorinated polymer,

The studies of compounding, curing, and evaluation are included

in a subsequent secidoxg

While the solvent resistance of the unmodified 1,ledihydro=~
heptafluocrobutyl acrylate polymer is more than satisfactory, its
brittle point appears to be inherently too high occurring at abhout
=20°C, in the uncured polymer.

A study of various copolymer possibllities is in progress,
aiming toward decreasing the brittle point without seriously
decrcasing solvent reslistance, Copolymers were prepared with
1l,l=dihydroperfiuorocapryl and 1,ledihydroperfluorohexyl acrylate,
The former gave material which had very poor properties, apparently
from impurities in the capryl ester used as starting material, This
reaction will be restudied, Results of the hexyl ester are reported

in the section on curing and compounding,

The use of n-octyl acrylate as an FBA comonomer was studied in
three experiments, one using a 75325, one using 50:50, and one using
25175 mole ratios of the two acrylates., Except in the case of the
75f n-octyl acrylate polymer, where the fluorine content was almost
double that expected of the copolymer formed in ratlos of the
reactants, the poiymer appeared to have about the same composition

as the mchomer mixture,
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A methacrylate ester was prepared from 1,1~dihydroperfluorobutyl
alcohel and polymerized, The polymer turned out to be a white powder
which was plastlie rather than rubbery, It was soluble in methyl
perfluorobutyrate and benzotrifluoride, but insoluble in acetone,
methyl isobutyl ketone, dioxane, and chloronitropropane, Copolymers

with FBA have not yet been made,

A number of small scale attempts were made to copolymerize FBA
with isoprene, dihydrodicyclopentadienyl acrylate, 2-chloroethyl
‘vinyl ether, 2-chloroperfluorobutadiene, 2~chlorcethyl acrylate,
and divinyl ether in order to prepare polymers with a double bond
or chlorine atom that would be available for subsequent vulcanlzae
tion., The copolymers of isoprene and 2-chloroperfluorobutadiene
were particularly promising, Additional work has been done on these
two comonomers. The others will be studied in more detail when time

permits, ‘

The system, butadiene:FBA, has been studied extensively,
Initial efforts were very promising, An attempt to prepare the
copolymers on a larger scale was less éﬁccessful. It was extremely
difficult to reproduce results eQén under apparently identical con-
ditions, A serles of polymerizations was carried out, 1in which
250 milligrams of FBA was prepared in each of the following recipes
and agitated in sealed tubes at 50°C for 140 hours, Table VIII

summarizes the results,

(See tahle on following page)

i
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TABLE VIII
ButadienasFRA Conolymers
Butadiene Water Duponol ME K5So0g Megggétan Yte]d
N .. N « AT WS 1 0 W | "3 Ee

| 125 045 745 245 0 50  Soft, tacky
100 0.5 7¢5 2.5 0 50  Firm, tacky

; 50 Oolt5 7.5 245 0 50 Firm, rubbery
« . 125 05 7.5 2.5 0,001 0 -

«125 045 7.5 2.5 0 0 -

% 125 O.+5 75 1,5 o] - 50 Firm, rubbery

w125 obs 7.5 2.5 0 0 -

$%1265 045 7.5 2.5 0,001 ' O -
* FHA instead of FBA ‘

** Isoprene instead of butadiene

It seems possible that this lack of reproducibility arises
from a competing Diels-Alder condensation of the butadiene and

acrylate, to form a cyclohexenyl ester, Not only would this consume

e ieme - L . e

the reagent: but it is possible thac the product would act as a
polymerization retarder, "The decrease in molecular welght in the

loﬁ yiold experiments and the presence of an ester odor which is
absent from thosewexperiments in which rubbery polymers were obtained

“terd to confirm the hypothesis,

LR AT

Recently a compound believed to be this adduct has been
prepared by reacting 5 g. of 1,l-dlhydroperfluoro acrylate with
1 g. of butadiene in a sealed tube without catalyst for €0 hours
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at 859, Fractionation of the resulting iiquid under vacuum
resulted in the isolation of a small fractlion bolling at L7.58°C./
3 mm, This material analyzed for 42% fluorine corresponding to
about 47 mole % FBA, and had a refractive index of 1.3780., The
effect of 1ts addition during the copolymerization of FBA and

butadiene will be checked,

A serles of smal] scale experiments in sealed tubes was carried
out to determine the most sultable conditions for the consistent
preparation of the copolymer., The recipes and results are summarized

in Table IX,

IABLE IX
Butadiene-Acrvlate Copolymerization

ggg_g Run 3 Run k& Run_5 Run 6 Run 7 -
Hy0 g Ot 0,145 0.5 OJit5 Ok6 0145
FBA g, 0,200 0.125 0.125 0.125% N.125 0.12%
BD 0,050 0,125 . 0,125 0,175 0.125 0.125
Emulsifier TIupohol ME Luponol ME Luponol ME Na Na Nav t

g, 0.007% 00,0075 00,0075 " stearate stearate stearate
‘ - I 04,0075 0.0075 00,0075
NapS-08 ga 0025 .0025 «0N25 - L0025 L002Y »0025
NaHS03 g .0025 - . 0025 - .0025 .0025 .
Borax g. - .0025 « 0050 .002% . 0085 . 005
Temp, °C.  4O° Lgo " Loe hEo oo Loe
Reaction
Time, Hrs, lo Lk 16 L 16 1t

Results Yield 38% Yield 20% Yield 65% No No Poor

fair poor poly- good latex, reaction reactlon ylelid,

latex, mer and strong - soft

ruhhery latex snappy . polymer

polymer polymer, k

LR F 28,0% F
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The trials involving borax in the persulfatesbisulfite recipe
appeared to give better results than did the others, Sodlum stearate
was qulte ineffective as an emulsifier for thls system, Reclpes
No, 3 apd 4 were therefere further investigated on a larger scale,

as summarized in Table X,

TABLE X
utadiene:FBA Copolyuers
Run 8 Run 9 Run 10
H20 Ee 3,6 346 3,6
FBA g. | 1.0 1.0 _‘ 1.0
BD g, - 1,0 1.0 1.0
Emulsifier g. Duponol ME C,06 Duponol ME 0,06 Tuponol ME 0,06
Borax g, 0.0+ 0o Ot 0,04
te=Cpp
Mercaptan go 0.001 - -—oe
Temp. °C, 50 L5e L 50
‘Rpaction | ,
*Time, Hrs, 16 ’ 16 16
- Results Av. yileld (two Av, yleld (two Av, yileld (two
ampoules): 36% ampoules): 61% ampoules): 704
Av, %F: 24,6 Av, % F: 25,0 Av, 9F: 26.4
Rubbery poly- Rubbery poly- Good rubbery
mer of fair mer tougher polymer
prop. than 8

The copolymers obtalned from experiments 8, 9, and 10 were
compounded in a sulfur-Captax-zine oxide recipe, Cures of 20 and

60 minutes at 300°F, appeared to be inadequate; the polymers shewed
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1ittle change in physicul properties and had a swelling volume in
70:30 isooctanestoluene mixture of 650.750%. Additional curing for
90 minutes at 300°F. produced vulcanlzates with a swelling volume

of 4508 and ASTM brittle temperatures of =60 to =70°C,

Tc determine the best conditions for a larger run, in which
varying ratlos of monomers could be studlied, three emulsion recipes

were tested,

TABLE XI
ButadlenesFBA Copolymerjzation Recipes

S 2 3
H,0 3.6 Be 3.6 Ee 2.6 gs
FBA 1.0 g. 1.0 g 1.0 g.
Butadlene 1.0 ge 1.0 g, 1.0 g
Luponol ME 0.06 g« 0,06 g 0,06 g.
Napy5208 0,02 g. 0.02 ge. 0.02 g.
NaHSO4 0,02 g. 0.02 g. -
Borax 0.04 g, — 0.04 g,

Polymer had formed in all three recipes after 24 hours at
420C, The products from the first two were soft, tacky and apparently
not homecgeneous, but that from No, 2 was a firm, rubbery product which,
after curing with sodium silicate for 1 hour at 1£0°C,, produced a
vulcanizate with a brittle point of -685°C, and a swelling volume of

95% in a 70:30 isooctane:toluene mixfure.
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Experiments were then run using recipe No, 3 with FBAsbutadiene
ratios of 1:1 to 5:1. The products were isoclated and cured 1in a
silicate recipe (see next section)s The polymers which contained
2h to 35% fluorine were strong and rubbery. The vulcanizates had
brittle temperatures of ~60 to =70°C, but increased in volume in
the isooctane:toluene mixture by 114~180%. The copolymer with 37%
fluorir. had a brittle temperature of =55° and & swelling volume of
only 90%. This material, however, was weak and apparently too highly
cross-linked, The 40% fluorine polymer was so weak that its

properties could not be measured,

‘the use of a mercaptan modifier introduces further complication,.
It apparently retards the reaction sufficiently to allow the Liels=
Alder condensation to gailn headway, In a recipe which gave high
ylelds of a good rubber in the absence of mercaptan, the addition
of 100 ppm. of t.-dodecyl mercaptan reduced the yield to only 5%
after 12 hours; 33 ppm. of mercaptan resulted in an 80% yleld in
10 hours. The rubbery guality of both polymers was poor. In ancther

case the following recipes were conmpared,

e -2

Water 16,2 16.2

- FBA 7.5 7.5
Butadiene 1.5 1.5
Duponol ME 0,27 0.27
Nay 5208 C+C9 0,09
Borax 0.18 0.18
t.,-C12 mercaptan - 0,05
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The tubes wore agltated at 45° for 5 hours. Conversion in the

firast case was 82% and the second 85%. 7The polymer prepared in

the absence of mercaptan was a white, firm, snappy material which,
when cured in a silicate recipe, showed a brittle temperature of

=0 to =509C, and a swelling volume in the icococtane:toluene solvent
of only 70%. The product from Run 2 was so crumbly that it could not

be evaluated,

An attempt to study the propertles of the 1l:1 mole ratio
copolymer as the functlon of conversion produced erratic results,
Four identical tubes were prepared. Three of these produced soft,
cheesy polymers and the fourth a eonsiderably better polywer, for

roc obvious reason,

Assuming the DielseAlder reaction to be uncatalyzed, a series
of tubes was prepared for testing with higher persulfate concentra-
tion and lower operating temperature, The recipe consisted of:

Water (boiled; distilled) 180

FBA 8343
Butadiene 16.7
Duponol ME i 3.0‘
NapS208 4,0
Na23h07 2.0

Tuhes were agitated at a temperature of 35°, Induction perlods
varied from 4 to 4=1/2 hours, In one case a 47% yleld was obtained
at the end of 9 hours and in another only a 10% yield at the end of
14 hours, The polymers ccntained from 30 to 34 mole ¥ FBA, Lespite

WAC TR 52-197 Pt 1 1




the erratic yields an¢ variable and excessive incuction periods, the
polymers obtained were of fairly high quality, indicating some

promise for this sapproach,

Two additional tubes were prepared with this same recipe except
that every precaution was taken to exclude air, Induction perlods of
only 1/2 hour were observed, The yleld was 83,5 ané 81,.8%, The two
polymersdiffered somewhat in mechanical properties, one, containing
41,8% fluorine, was rubbery and the other, containing 44 4% fluorine,
was cheesy., There appears to be no reason for the observed differ-
erce, both tubes being charged and run in the same manner., Some of
the variables controlling the polymerization of these moncmers remain
to be discovered. Experiments involving the addition of various
amounts of the "Lie‘seAlder adduct" whose isolation was described

above may helr in unravelling some of these variébles.

It appears probable that the addition of sufficiert butadiene
to the l,l-dihydroperfluorobutyl acrylate pclymer to lower the
brittle pcint satisfactorily will simultanecusly result in too great
a decrease 1n solvent resistance. This may be overccme by the use of
other monomers either with or without butadiene, Fluorinated moncmers
would be particularly desirable since there seems to be a good
correlation betweer the fluorine ccritent and the resistarce to

swell, 2~Chloroperfluorobutadiere was stucled with this in mind,

A series of small scale experlnents was carrled out using a

standaré reclpe:

Reproduced From
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Monomer 0s25 geo

Hy0 0.45 ge
Duponol ME 0,0075 g.

Mixtures were sealed and agitated in the water bath under the
conditions indicated in the table below.
TABLE_XII

CFB:FBA Copolymer

Reaction
Corditions
Moncmers Time Temp, Analysis
CFB  FBA  Hrs, .%C,. %F 2Cl  Infrared  Nature of Polymer
0.25 O 22 at 5% not 17.0 - Rubbery pclymer;
plus enough theo.: 19,0% Cl;
42 at 100 sample yield pcor
0.125 0,125 23 at 55 45,0 4,0 aprears to Cl analysis
plus be copclye- cerrespends to
65 at 100 mer 21% CFB
0,188 0,062 23 at 5% - 9,0 . Cl analysis
plus cerrespends to
42 at 100 L7.4% CFB
0,062 0,182 23 at 55 Le,0 1,6 aprears to Cl analysis
plus be copoly= cerresrends to
€5 at 100 mer 844 CFB
0.25 22 at 55 - —— - Control; polymeri-

zatiorn 1is much faster
thar with CFB present
Two polymer fractions were obtaired. One was essentially a
precoagulum, for which the analyses are shewr, The cther was a
harder product, presumably highly cress-linked, These contalned
0 to 4% chlorire, 20 to 35% fluorine. For comparison, CFB cortairns

$3.2% fluorine and FBA £2,3% fluorine,

WADC TR 52.397 Bt 1 79

Reproduced From
Best Available Copy




Poly-~CFB as isolated in the first experlment 1s moderately
rubbery, presumably because of early precipitation from the emulsion,
The copolymers with FBA are more resinous and cross-linked. However,
it was felt that the recipe could he revised to glve higher yields
and more rubbery polymers, Iurther exploratory experiments were
therefore tried, These are summarized in Table XIII,

TABLE XIII

Polymerization of 2-Chloroperfluorc Butadiene

Comments

~—t

Polym, % CFB
Monomers BRatio Method % C] 4 F by Wt,
CFB BEmilsion 17 - 85,5 Low yield, rubbery
polymer

CFB ; Bulk 12 o 60 Very low yleld

CFB + Tface

FBA Emulsion 1,9 46,0 9,5

CFB:FBA 1:1 Emulsion 4,0 k5.4 20

CFB:FBA 1:1 Emulsion O4 20=35 0-20 Very small sample

CFB:FBA 3:1  Emulsion 5,6 - 28

CFB:FBA 1:3 Emulsion 1,6 45,7 8,0

CFB:FBA Bulk 4,0 49,5 - 20 1 mole CFB to

3 FBA in polymer

| CFB: Emulsion
{ acrylonitrile borax

CFB: Bulk 2e5 3.2 12 Poor check between F
| acrylonitrile ard Cl analyses
i CFB:FRA: L48:48: Bulk 2,6 - 19 Soft, tacky
{ iscprene L
: CFB:FRA: L3:43: Emulsion 7.7 - 41 Clear, rubbery

iscgrene 1k borax
WADC TR 52-197 Ft 1 £0
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TABLE XIII (Cont,.)

Polym, % CFB
Monomers Ratio Method £€Cl1 4F by Wt, Comments
CFB:vinyl 1:1 Bulk - 7 13 °  Tacky, soft polymer
othsar
CFB:vinyl 1:1 Bulk - 2342 43,5 Soft, brown polymer
acetate

The bulk experiments were carried out at 60° for § days; in the
presence of 1% acetyl peroxide, Emulsion polymerizations were made

with 1% persulfate and 3% Duponol ME, with borax where indicated,

Of particular interest are the two runs in which isoprene was
present, These indicated that under the proper conditlons chloroe
perfluorchutadiene was quite reactive and that it could be incorporated
up to 40% 1ﬁja copolymer, This was explored further in a reaction in

vhich was used

‘ CFB 0425 gs
FBA - 0625 ge
CgHg 0,25 g
Water 045 ge

| . 'Duponol ME  0.075 g.

i NasS,0g  0.0025 g,

N w Borax 0.0025 g,

In this case only‘20% chloroparflucrobutédiene was found in the
polymer, which analyzed 63% FBA, 179 iSOprepe, aﬁd 20% CFB, An
attempt to determine the britt&etemperature‘was unsuccessful, but
the polymer appeared ﬁo be gquite resistant to swelling in aromatie

solvents,

WAIC TR 52-197 Ft 1 1
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Under elmilar conditions a polymer was prepared contalning
E4% ¥BA, 22% CFB and 13% BD., The unvulcanized polymer appesred dead

~ and inelastic; elongation was poor and the brittle point was in the

region of *5 to +12°C. The value of chloroperfluorobutadiene for

use in low-temperature volymers aprears auestionable,

The fluorinated butadiene, l-perfluoropropyl butadeine, has been
studied as a covolymer with styreme buil not yet with a perfluoroaliyl

acrylate.

Another substituted butadiene, CH2==CHCH=CHCN, is reported to
confer oil resistance when covolymerized with butnadiene, without impair-
ing low temperature proverties. A small samvle was obtained from Dr. C.
S. Marvel of the University of Illinois. In preiiminary experiments it
was found to homomolymerize and copolymerize with FBA and with an FBA:
isoprene mixture,. In each case the material was resinous rather than

rubbery, inﬁicating that too high a provortion of the diene had been

. incorporated. The FBA copolymer, containing 31% fluorine (corresvonding

to 60% FBA), showed very slight swelling, The diene was considerably
more reactive than had been anticipated, TFurther exmeriments are‘ in

progress to cietemine whether .the incorporation of a very small amount
of l-cyanobutadiene will improve fuel resistance without sacrifice of

low temverature flexibility.

Several of the FBA-BD copolymers became brittle after prolonged
standing‘:iin alr at room temperaturé. This is tresumably dus t‘o oxiga-
tion of resi-iuél olefin linkages; the addition of antioxidnnts will be
studied,
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POLYMER_EVALUATION
COMPOUNDING AND CURING

The properties of a cured polymer are largely determined by
the characteristlics of the uncured material, Tensile strengths ard
solvent resistance can be increased by cross-linking. Brittle polnts
can be decreased to some extent by plastlicization, A serlous study
of the compounding and curing techniques will be undertaken only
when a base polymer which seems to approach satisfactory performance
haé been developed, However, a certain amount of work at the present
time 1s necessary in this field, in order to give some ldea of what
the finished product will be like., Although ope could hardly expect
conventional curing agents to be the most satisfactory in the fluorile-
nated system, they provide a logical starting point for the work,

Only the acrylate polymers have been studied,

A recipe consisting ofs:

Polymer 4 ge
Triethylene

tetramine 0e2 Eo
PbhO Oclt g

produced a rubbery cure of polybutyl acrylate in 2 hours at 112°,
Polyperfluorobutyl acrylate treated according to this recipe was
found to cure in 15 minutes to a hard, crumbly mass and in 60 minutes
to a very hard, waxy solid, The fluorinated acrylates apparently
cured a great deal faster than the non-fluorinated analogues. The

time was cut down drastically; a Peminute cure resulted in a product
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which was flexible, had little permanent set, a tensile strength of

360 psi and an elongation of 1000%. A Seminute cure gave a tensile

strength of 350 psi and an elongation of 200%,

A second recipe,
Polymer

Pichloroquinone
chlorimine

Pb30u
SRS Black

produced a rubbery cure of butyl acrylate in 2 hours,

L g,

Oe? g
h‘oo Be

1.2 Be
An attempt

to cure the polyperfluorobutyl acrylate was a fallure,

Rather promising results were obtained from a recipe consisting

of: Polymer
Red Lead

p=quinone
dioxime

Triethylene
tetramine

Magnesium Oxide

Ferric Oxide

100 parts

10 parts

2 parts

2 parts
1¢ parts

1 part

At 300°F,, the tensile strength increased with curing time to

90 minutes, beyond which time flexibility was lost,

A 90-nminute

cure resulted in a material with the following properties:

Tensile
Elongation
Brittle Point
Permanent set

Swelling in iso-
cctane:toluene
gh

#ADC TR 52-197 Pt 1

1240 psi
12%%
5°Ce

9¢¥ recovery frem 75% ultimate
elcngation
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On the basis of these results, a 6" test slab of polyperfluoroe=

butyl acrylate was prepared and cured in the recipe for 105 minutes

at 300°F,

evaluation.

The material was submitied to Wright Field for furiher

The following data concerning this sample were abstracted

from a veport of I, R, Hartholoiew, MCREXM-MS5%88, 15 October 1950,

golvent

None

Toluene

Iscoetane

Acetone

Bromochloromethane

AN=QOw366 Hydraulic 01l
Di-gec~amyl sebacate

Water

"Silicone™ Hydraulic 0il
Perfluoro (diethylcyclohexane)
Perfluoro (diethylcyclohexane)
Perfluoro (methyldecslin)
Perfluoro (methyldecalin)
Fluorolube

Fluorolube

Biseperfluorobutyl Ether
Biseperfluorobutyl Ether

. Tris=perfluorobutylamine

iomersion Tests
Temperature Duration ¥ Volume
*F, Days _ Increage
ca. 75 2.9 6
ca. 75 2.9 2
ca, 75 2,9 S
11
158 2.9 -3
158 2.9 -2
158 2,9 11
300 2.9 w2
120 1 18
120 ’5 | Ly
120 1 42
120 5 53
120 1 19
120 5 26
120 1 22
120 5 21
120 1l L
120 5 12

Triseperfluorobutyiamine
WADC TR 52-107 It 1

Brittle
Point
2F,

-61
-1
-38
-5l
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A 10f elongated sample of the polymer was unaffected by exposure
to 0,015% ozone for 1 hour. Swelling but nc disintegration was
observed after 1 week's immersion in red fuming nitric acid at room
temperature, One week's aging at 150°F, in air did not appreciably
affect the material, causing only a slight shrinkage and a small

apparent increase in tensile strength,

The particular polymer sample used was of relatively low molecular
welght and extensive curing was necessary to give satisfactory tensile
strength, Because of this, the brittle temperature was raised from
approximately -~20 to +20°C, Somewhat more satisfactory results were
obtained with a recipe using a smaller proportion of compounding
ingredients and a shorter curing time on a polymer of higher molecular
welight, In Table XIV are described the results with poly-FBA, polye-

FHA, copolymers of FBA and ne~octyl acrylate, and an FBA-FHA copolymer,

JABLE XIV
Cur Ac ate Polymers
- FBA:50 FBA:2% FBA:50 FBA:75
Polymer FBA FHA FHA:50 pneOA375 n=0A:50 p=0CA:2°
Red Lead 5 b 5 7 5 5
Paraquinone dioxime 1 0.8 1 1ok 1 1
Triethylene tetramine i 048 1 1.k 1 1
Mg0 7e5 6 7e5 11 7.5 765
Fey0q 0.5 oult 0.5 0.7 0.5 0.5
Ty, ASTM britile =20 -21 =26 «70 -66 =51
temp, °C¢ '
£ Swelling in 70%30 0 0 0 158 175 9%
isooctane: toluene
wm, TR 52-197 Ft 1 &b
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Quantities were adjusted for the various polymers so that they
would be approximately equivalent on a molar basis, All batches were

cured for 90 minutes at 300°F,

The brittle temperature of =20°C, found for the poly-FBA 1is
essentially the same in this case as that found with the uncompounded,
uncured stock. Polye~FHA itself has about the same brittle tempera=-
ture as poly-FBA but the 50:50 mixture of the two arpears to be
somewhat lower, The expected decrease in brittle temperature with
the 1nc1usion of n-cctyl acrylate was found, However, the inclusion

of even‘25% showed a drastlc 1lncrease 1in swelling,

Two silicate cures were tried on the acrylate polymer, the

first consisted of:

Polymer 1,00 g
Philblack A - 045 g,
Lanolin 004 ge

Calcium Hydrcxide 0,04 g,

Sodium Silicate
Pentahydratr 0,10 g,

Curing for 45 minutes at 154°C, produced a vulcanizate whichk was
hard and inelastic, Apparently poly-FBA, because of 1ts high density,
canrot tolerate sb large a preportion of carbor black as the non-
" wuorinated polyacrylate., A modified recipe
Polymer 1,00 g
Caleium Hydroxide 0,04 g,

Sodlum Silicate
Pentahydrate 0.10 g.
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was quite sucecessful, After 45 mimutes cure at 154e¢, a wvulecarizate
was obtained which showed 200% elongation and far greater flexibility
at room temperature than did the polyamlde cure, The brittle point
was «25°C, and the tersile strength about 720 psi. A larger sample

of this material was prepared and submiited to Wright Fileld,

Some preliminary studies have beer made on the compounding of
butadiene copolymers. The sodlum slllcate system produced a gur
vulcanizate with an elongation of 1504 and a tensile strength of
R70 psi. A sulfur-~zinc oxide-tetramethylthiuram disulfide system
similar to that which is used in the wvulcanizing of butyl rubber pro-
duced unexpected di?ficulties. The polymer broke dcwn very rapidly
when milled with the compounding ingredients, so that at the end of
15-20 minutes the original firm polymer was pasty and sticky, The
vulcanizate was very weak, with a tensile strength of less than 150 psi,

indicating again a badly degraded polyner,

Nelther the silicate nor the polyamide cure 1s entirely satis-
factory., The silicate cure introduces a water sensitivity that 1s
undesirable for many applications, Further study of compounding
syst¢ms 1s beirg continued,

PLASTICIZATION OF .POLY-FBA

While it would be desirable to obtain a pure cured polymer which

had the desired brittle point, it may not be possible to reach this

objective, Plasticlzation offers a means of decreasing the brittle

WADC TR 52-197 Ft 1 &8
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point perhaps 10 to 20° with relatlvely little effort, Useful
compounds must be compatible with the polymer and the curing system
and must be insoluble in common solvents, It is probable that these
requirements can not be met with low molecular welght compounds,
However, in order to determine some of the characteristlics of the

new polymers, an evalustion of several low molecular weight materials

was undertaken, Poly=FBA was cured sccording to the following recipe:

Polymer 100 parts
Red Lead 10 parts
Mg0 : 15 parts
GMF 2 pari’g
Fep03 1 partl
Triethylene tetramine 2 parts
Plasticizer 20 parts

The raw materials were mixed on the mill and the mass cured at 150°C,
for 35«40 minutes, Plasticlzers triled were
Tris(l,l-dihydroperfluorobutyl Jphosphate
Triperfluorohéxylamine
Ethylene Glycol Perfluorobutyrate
Glycerol Triperflﬁorobutyrata
Triperfluorobutylamine Distillation Residues
The unplasticized FBA hédga brittle temperature of -11°C, The
plastic;zed nmaterials va%ied from +% to =18 in brittle point, with
the phosphate the only plastlcizer showing a significant lowering.
The glycol and glycerol esters appeared to have a stiffening, cross-
linking effect. Since the above recipe appeared to lead to over-

curing, it was modified to:
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Polymer
Red Lead
Mg0
GMF

Triethylene tetlramlne

F3203

100 parts
5 parts

7¢% parts

1,0 part
1.0 pai"’t
0.5 pai“t

The polymer was compoundsd and cured for 90 minutes at 150°C,,

then immersed 1n the plasticizers until the sample had reached

constant weight or had absorbed the desired amount of plasticizer,

They were then removed, weighed, and the brittle temperature deter-

mined, The results are shown in the following table.

TABLE XV

Plasticization of Poly=FBA

Conc, of Brittle Tenslle
Plagticizer Wt, %

Trigel,l1~-dihydroperfluoro-
butyl phosphate

Triperfluorohexylamine

Ethylene glycol
diperfluorobutyrate

Glycerol triperfluoro=-
butyrate

Triperfluorobutylamine
still residue

None

Plasticizer Temp, Strength

°Co psi
27 =35 -
1 “18 -
10 w3l -
20 -3 1 -m
11 25 600
20 =55 450
1 5 -’) 2 =
2 8 HZ 5 -
1 =18 -
-us -2 2 810

90
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Solubility of
Plasticizer
in 70:30
Isooctane:toluene

No

No

Yes

Probably slightl
soluble .

No




Triperfluorohexylamine was incorporated on the mill, The
quantities are somewhat in doubt because of the relatively high
volatility of this material, While ethylene glycol diperfluorow
butyrate gave the greatest decrease in brittle point, 1t was rapidly
extracted by the 70:30 isooctane:toluene mixture, as shown by an
increase in brittle temperature of one sample from =35 to =23 after
72 hours contact with the solvent. Triperfluorohexylamine reached
a constant weight in contact with the isooctane:toluene only after
420 hours during which time the brittle temperature increased from
«3k to =26, While higher molecular weight fluorobarbons would be
satisfactory from the standpoint of sclubility in isococtane:toluene,
it 1s probable that compatibility will be low, More satisfactory
results may be expected from some of the liquid fluorinated polymers

which have been prepared.

Two linear polyesters, one from ethylene glycol and perfluoro-
succinic acid, the other from ethylene glycol and perfluoroadiplc
acid, were tested with both the polyamine and sodium sillicate cures,
In each case severe bubble formation occurred in the polymers during
cure, presumably because of further condensatlon of the polyesters,
Moreover, it was found the silicate cure was almost entirely inhibited,
the polyester reacting more vrapidly with the alkaline curing agent
than did the polymer. The polyesters may be satisfactory in a differ-

ent curing systenm,

One peculiar property of the poly-FBA should he mentloned, A

sample which had been cured in a silicate recipe with the inclusion

|
| g
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of 5% by welght of Philblack A was tested on the Bashore resiliometer,
A resilience value cof 10% on this instrument was found. Such a low
value would indicate the usefulness of this polymer in applications

for the deadening of mechanical or acoustical vibration,
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SIMMARY ond CONCLUSIONS

Exploratory preparations of fluorine-containing polyamides end polyesiers
ugy be of interest as fibres, films or plasticizers for fluorinated elastomers,
They are not very rubbary, howover, and lack low temperature flexibility so
would be of little or no valus as rubber compounds of themselves, A few un-
explored types are yet to be studied; the effect of higher molecular welght on
polymer prorerties also merits investigation.

No homopolymers could be preparsd from the perflucro-olefins but en extensive
survey has been made of their copolymers with vinyl ethers; these were foumd to
be quite steble and resistant to solvents, but also soft rather thsm rubberliks,
Except for the preperation of a coyolymer of very high fluorine content, there
appears to be little justification for further work on this particular system,
However, attempts to develop other perfluoro-olefin copolymers and to prepare
homopolymers will continue.

Fluorinated acrylonitriles have tesn examined only in a preliminary fashion
tut further study is encouraged by preparation of a copolymer of butadicne and
&-porfluoroproryl acrylornitrile which combines rubber properties with moderate
solvent resistance #nd s brittle temperature below -40°C.

Three fluorinated butadienes, namely perfluorobutadiene, Z-chloroperfluoro-
butadiene and l-perfluoropropylbutadiene have been both homiolymerized and
copolymerized. Although their homopolymers are of doubtful value because of
high brittle moints, these dienes may be useful as copolymer components since
they ehould permit cross-linking hy conventicnzl vulcanizing agents,
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Vinyl perfluoroacyl esters have been found to polymerize readily to form
resinous or plastic rather than elastomeric productse. Further investigation
of this class of monomers does not appear to be justified.

Preliminary studies of the 1,l-dihydroperfluoroalkyl fumarates, sorbates
and crotonates confirmed difficulties anticipated in comection with the homo-
polymerization and copolymerization of these relatively unreactive nonomerse.
further work will be considered as new methods or monomers become available’
but no intensive investization is presently indicated.

The esters of acrylic acid with 1,l1-dihydroperfluoroalkyl alcohols represent
the most promising class of monomers examined and studies in this area constitute
the major part of the past vear's effort. 1,l1-Dihydroperfluorobutyl acrylate
has received partisular attention; this monomer readily forms a rubbery homspalym
which is almost completely resistant to swelling by acueous and non-fluorinated
organic solvents at orilinary temperatures. The brittle point of the homopolymer
is about -20°C; this aprears to be close to the minimum for the homologous series
It has been lowered by the use of various hrdrocarbon comononers, althoush at the
expense of solvent resistances Butaiiene has proven inadequate when used as a
sole cononomer but nromising results have been obtained with butadiene-containing
terpolymer sysiems. Intensive efforts are beins made to obtain a satisfactory
balance betiween the low temperature brittle point and solvent resistance by such
internal plasticization, but the use of a plesticizer as o sompounding ingredien
may ultimately be necessary to sttain & suffiziently low brittle point., Choice
of a plastizizer will depend to a large extent on the compounding recipe and

curing conditions, but a modicum of exploratory work has been undertaken to
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exsmine the compatibllity and efficlency of some of the simple fluorocarbon
derivatives; the 1,l-dihydroperfluorocalkyl phosphates, for example, were found

to be compatible but did not markedly lower the brittle tempsrature - the low
molzcular weight polyesters, on the other hand, ssem Le be more sffective but
roquivo new ouving rocipon. Soft, fluorine-containing polymers such as poly-
(allyl perfluorobutyrate) may also be of interest ms plasticizers. A rubber
oompound whioch is flexible at low temperatures becasuse of the nature of its

base polymer is, of ocourse, much %o be preferred over one which must be plasticized
to develop the proper degree of flexibility.

Little emphasis has been placed on compounding and curing during the past
contract year; it is believed such studies should not be pursued extensively
until the optimum polymer of any given homologous seriss has been selected for
development. The properties of poly-l,l=dihydroperfluorobutyl acrylate, however,
have been sufficiently promising to justify a preliminary study of its ouring
characteristiocs and the development of a suitable curing reaipe; this study hes
besn 1imited to reéipes known to be suitable for its unfluorinated analogue.

Silicate and amine-oxide ocures have been found opersative but none has proven
entireiy satisfactory; other ocuring systems will be investigated as more of this '
polqur becomes available.

These exploratory polymerirzation studies have extended an early generalirzation
about fluorinated polymers. Speoifioally, it has been wverified that fluorine,
either on the side chain or on the backbene, definitely promotes resistance to
mell?ﬁ.ng or solutien hy non=fluorinatad solvents, Furthermore, it has been oon=-
cluded that side-chaln fluorination does not inorease the brittle point as
morkedly &s skelotal fluorine yet is capable of providing very high solvent

reésistance.
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Although the fluorine-containing polymorylates appesr the most promising
fusl and oil resistent elnstomers discovered under this ressarch projevi, it
would be prematura to aonolude that still better polymers cannot be found; the
{field of flucrinated polymers is relatively new end the number of kunown cempounds

is smell,
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NDIX I
TABLE OF ABBREVIATIONS

AFB Allyl perfluorobutyrate

BD Butadiene

BTF Benzotrifluoride

CFB 2-Chloroperflucrobutadiene

FB Parfluorobutadiene

FBA 1,1=Dihydroperflucrobutyl acrylate
FBC 1,1=Dihydroperflucrobutyl crotonate
FBF Bis=l,ledihydroperfluorobutyl fumarate
FBMA 1,1-Dihydroperfluorocbutyl methacrylate
FBS lgl-Dihydroperfluorobutyl sorbate
FHA 1,1-Lihydroperfluorchexyl acrylate
oc »FPAN oc-Perfluoropropyl acrylohitrile
1-FPB l-Perfluoropropylﬁutadiene

MFB Methyl perfiuorobwtyrate

n=0A n-0ctyl acrylate

VFB Vinyl perfluorobutyrate

VFCe Vinyl perfluorocaproate

VFCi0 Vinyl perfluorocaprate

VFP Vinyl perfluoropropionate

VFV Vinyl perfluorovalerate

VIBE Vinyl ji-butyl ether

VIPE Vinyl 1-propyl ether

VME Vinyl methyl ether

VNBE Vinyl pebutyl ether
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CHp=CH~CH202CCqF7
CHp=CH=-CH=CH>
CFyCeHy
CFp=CCl~CF=CFp
CFy=CFCF~CFy
CHy=CHCORCHpC3Fr
CHyCH=CHCO,CHpC3Fy
CqF5CHy 0oCCH=CHCOoCHC3Fy
CHp=C (CH3 )COpCHpC3Fg
CHyCH=CHCH=CHCOoCHpC3Fp
CHyCHCO,CHoCFq
C3FrC(CN)=CHp
CqF»CH=CHCH=CHp
C3FrC02CHy
CHp=CHCO2CgHy 7
CHp=CHO,CCyFy
CHp=CHOpCCgF1 1
CHCHO2CCgF1 g
CHp=CHOpCCoF g
CHp=CHO,CCgFy 9
CHp=CHOC (CHy )3
CHz=CHOCH(CH3)o
CHo=CHOCHy
CHp=CHOCLHg




‘£W¥

ey e e

APPENLIX 11
Informal Report - April 24, 1951

The Curing of Fluorinated Acrylates
by: J. F. Abere

A, General:

The raw poly-FBA prepared by using an emulsion recipe is white,
vpague, and guite tacky, It is easlly banded on a cold mill, but
desplte its tackiness, it can be removed by peeling it back with a
knife after the rolls have been stopped. After compounding ingredi-
ents have been added the handling properties of the batch improve and
the usual "cutting back" procedure may be used in order to insure

good mixing.

Until only very recently, the temperature of the rolls at the
commencement cf milling has been about 35° for the sllicate recipes
and at room temperature for the amine recipe, This has been the
procedure because of the lack of a heating system for the micro mill,
Now a suitable heating system is installed and there will be greater
flexibility in the compounding process, At this time no evaluation
has been made of the effect of mill temperéture,upon the results
obtained with a given recipe.‘ Since poly-FBA 1s easily worked con
a ccol mill, it is prohable that a high reoll temperature 1is unnecessary

ané may actually be undesirable,

These procedures, incdrporating the use of a cool mill, deviate
from the methods described in the llterature for the curing of acry-
lates (see, for example, Service Bulletin H-€, Hycar Pelyacrylic

rubbers, August, 19504 B, F, Geodrich Chemical Company). Usually,
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temperatures from 100 to 150°F, are advised but thus far no
difflculties have been observed in getting good cures with polye

FBA when 1ittle or no heating is used.

The molding pressure has been 900 psi (gauge) in almost all
the work performed with poly~FBA. On our press, and using the small
mold, this results in a molding plate pressure of 1800 psi, This
value 1is probably higher than necessary and it is likely that wide
variatlions in plate pressure would produce little or no change in

the character of the vulcanizate,
B. Amine Cure:

The most effective recipe of this type which we have used is

as follows:

Poly-FRA | 100,0
Red Lead 560
GMF (paraquinone dioxime) 1,0
TETA (triethylene tetramine) 1.0
Magnesium Oxide (calcined) 7.5
Iron Oxide (Fep03) 0.5

Temperature 298°F,
Mold Pressure 1800 psi

Time - Varlable

This recipe will give a soft and flexible cure if the time is

about 1.5 hours, If a less extensible but stronger procduct is

desired then a longer period may be used,
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Our usual procedure 1s to get a good band of polymer working
on the mill and then slowly add a mixed masterbatch of all the solid
Ingredients noted before, Finally, after the batch is well-mixed,
the TETA 1s added elther dropwilse or in small portions on the end of
a spavula. Milllng is haltied when the mlxlng ls cowmpleite and the

stock 1s completely homogeneous,

No attempt has t en made to vary the components of this recipe
in a systematic fashion, Toubling the vulcanizing ingredlents in
the formula shown above will produce a somewhat overcured vulcanizate.
No work has heen performed on the subject of proving or diéproving
the supposed mechanism of curing by the formation of amide linkages

at each end of the TETA in this formula. Thus far, no difficulties

Qith pitting or sticking have been observed in the molding operations,

Ce Silicate Cure:

The most successful formula of this type 1s as follows:

Poly-FBA 1.00,0
Sodium Metasilicate nonae

hydrate .72
Calcium hydroxide 2,72

Temperature - 2LO°F,
Time = R hours

Mold pressure 1800 psi

Once again, the first step is to get a good band running on
the mill and once this is achleved, the 1ime 1s added slowly with

enough time allowed for each addition to become fairly well mixed
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with the polymer., After the final additior of lime, the milling is
continmed until a homogeneous batch is obtalned, At this stage the
metasilicate is carefully heated 1n a small glass container until it
becomes completely liguiflied. Care must be taken not to induce
bholling and thus drive off the water of hydration, Wlth small
batches, the molten metasillicate may be added all at once, but if
the batch is large (above 10,0 g.), it 1is probably best to divide
the metasilicate into several small portions and then melt and add

each one separately,

The polymer may beccme excessively stiff in regiors where the
metasilicate concentrates after addition, but upon continuocus milling
the hatch will become homogeneous and may be stripped coff. Some signs
of bin curing have occurred with batches which have bheen stored for

several weeks,

In this method of vulcanization it is believed that the cross~

links are formed by the following type of reaction:

(see reactior on following page)
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HC=CwO=CHyRy + NaO?iONa +
pe

i K

. 0 ?
M A\
NaOSI'lONa Rfcngo-c-gn

si {

0 0
Hc-c;o-§1GNa X
{0
Co
o ¢

. 9y
Nao?i-olc-cn + 2NaOCHpRg

It is clearly evident that residual sodium silicate groups may
be expectedkto contribute greatly to a decrease in the witer resist-
ance of the wvulcanizate, Once again, no work has been performed on

the theroetical aspect of the supposed mechanism,

If a glven batch of polymer, compounded with metasiiicate, 1is
subjected to varied times of cure, it is found that the tenslle will
rise to a maximum and then lewvel off and give substantially the same
value even though the time is extended conslderably, However, the

elongation does not appear to be adversely affected by the extended
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cura ani, thersafore, tha curing time deas not have to be fixod with

axactness once the general shape of the curing curve is hunown.

In comparing the amine and the metasilicate cures, the lattsr
ia favored somewhat., It has a simple recips, glves a more lively
product with good elongation, and the curing curve levels out to
suggest zood long-range retention of original jwoporties, Although
it might be exvected that ths amine curs would give bottor resistancoe
to water penetration, it was observed to yield a swelling volume of
1009 in distilled water at room temgerature compared with only 70%

for the metasilicate curs,
D. Miscellansous

Sevaral otﬁer recires havs baen checlked but none have shown
promise, Sulfur curss, 2,6—dichlozfqnuinorxe chlorimine and paraguinone
dioxime (GMF) wers all ineffective \;rhen used as the esssntial in‘gredi—
ents of a recive (see Quarterly Report for May - July, 1950), None of
thess formilae have been testad exhaustively ani it is to be exvected
that new and successful formulae will be discovered in the future, A

short bibliography of the most pertinent publications is snclosed.

Crgenic compounis containing isolated fluorine stoms tend to be
unstable, in contrast to the stability of perfluoroallwl-mbstituted_j
materials., We do not expect, nor have our tests indicnted, any
significant decomposition during the molding oper-tion shc‘h as has
heen reported for polyvinyl flucride. However, until moré experience

has basn obtained, precautions to 'wotect persormel would ba advisable.
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